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INTRODUCTION
/a théorie de la tectonique des plaques nous apprend que les plaques continentales sont amenées à se fragmenter en d’autres plaques, plus petites, s’éloignant les unes des autres 
au niveau de frontières lithosphériques divergentes appelées dorsales océaniques. Ainsi, la lithosphère 
continentale subit une phase d’étirement et d’amincissement tectonique qui conduit à sa rupture et 
à la formation d’une dorsale où la totalité de la divergence sera accommodée par formation d’une 
QRXYHOOH OLWKRVSKqUH RFpDQLTXH 6L O¶DFFUpWLRQ RFpDQLTXH HVW étudiée j O¶D[H GHV GRUVDOHVPpGLR
océaniques depuis une cinquantaine d’années, les processus qui mènent de la rupture des plaques 
OLWKRVSKpULTXHVYHUVO¶DFFUpWLRQG¶XQHQRXYHOOHOLWKRVSKqUHRFpDQLTXHUHVWHQWPDOFRPSULV,FLQRXV
nous intéresserons au signal magnétique associé à l’accrétion océanique depuis la dorsale jusqu’à la 
WUDQVLWLRQRFpDQFRQWLQHQW&HFLGDQVOHEXWGHPLHX[FRPSUHQGUHOHVSKpQRPqQHVHQMHXORUVGHOD
rupture continentale et la naissance d’un océan.
1. LA STRUCTURE CONVENTIONNELLE DE LA CROÛTE OCÉANIQUE
'HSXLV OHV DQQpHV  HW MXVTX¶DX[ DQQpHV  OD VWUXFWXUH GH OD FURûte océanique a été 
décrite à partir de l’étude de la propagation des ondes sismiques (Raitt, 1963), l’échantillonnage 
(IRUDJHV$QGHUVRQHWDOHWGUDJDJHVHWO¶pWXGHGHVRSKLROLWHVHJ3HQURVH&RQIHUHQFHRQ
Ophiolites ; $QRQ\PRXV/HPRGqOHFRQYHQWLRQQHOHVWXQPRGqOHjGHX[FRXFKHV)LJXUH
XQHFRXFKHVXSpULHXUHFRQVWLWXpHGHODYHVHWGH¿ORQVEDVDOWLTXHVUHSRVDQWVXUXQHFRXFKHLQIpULHXUH
formée de gabbros. Dans ce modèle, la géométrie et la composition minéralogique de la croûte 
océanique résultent du cheminement et de la cristallisation du magma lors de son transit, depuis 
le manteau asthénosphérique jusqu’à l’espace créé lors de l’écartement des plaques tectoniques, à 
O¶DSORPEGHVGRUVDOHVPpGLRRFpDQLTXHV$LQVLODFRXFKHVXSpULHXUHIRUPHOHSODQFKHURFpDQLTXH
elle est constituée de laves (« pillow lava») HWGH¿ORQVEDVDOWLTXHV©GLNHVª/HVSLOORZVVRQWOH
SURGXLWG¶XQUHIURLGLVVHPHQWWUqVUDSLGHGXPDJPDDXFRQWDFWGHO¶HDXGHPHUDORUVTXHOHVGLNHVVRXV
MDFHQWVUpVXOWHQWG¶LQMHFWLRQVYHUWLFDOHVGHPDJPDGHSXLVODFKDPEUHPDJPDWLTXH&HOOHFLIRUPHUDOD
couche inférieure de gabbros lors d’une cristallisation plus lente. Dans ce modèle, l’épaisseur totale 
moyenne de la croûte océanique est de l’ordre de 5 à 7 km (1 à 2 km pour la couche supérieure et 4 à 
5 km pour la couche inférieure), l’ensemble est séparé des roches du manteau, les péridotites, par la 
GLVFRQWLQXLWpGH0RKRURYLþLü$LQVLMXVTX¶DX[DQQpHVODFURWHRFpDQLTXHpWDLWYXHFRPPHXQH
VWUXFWXUHG¶pSDLVVHXUHWGHFRQVWLWXWLRQKRPRJqQHFRXYUDQWOHVGHX[WLHUVGHODVXUIDFHGXPDQWHDX
terrestre (Macdonald, 1989). 
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Figure 1 :6FKpPDLOOXVWUDQWOHPRGqOHFODVVLTXHG¶DFFUpWLRQGHODFURWHRFpDQLTXH/HVSLOORZVIRUPHQWOHSODQFKHU
océanique, ils surplombent les dikes qui résultent de l’injection verticale de magma depuis la chambre magmatique. 
/DFRXFKH LQIérieure de gabbros est le résultat de la cristallisation plus lente des magmas contenus dans la chambre 
magmatique. D’après Macdonald (1989).
2. LES ANOMALIES MAGNÉTIQUES MARINES: RÉSULTAT DE L’ACCRÉTION OCÉA-
NIQUE
3DUDOOqOHPHQWjFHPRGqOHil a été démontré que les roches qui composent la croûte océanique 
RQWXQFRPSRUWHPHQWIHUURPDJQpWLTXH%XOODUGDQG0DQVRQ'HODPrPHIDoRQTXHODVWUXFWXUH
GH OD FURWH RFpDQLTXH GpFULWH FLGHVVXV témoigne du cheminement du magma asthénosphérique 
venant combler l’espace créé par la séparation des plaques tectoniques, les magmas fossilisent la 
direction du champ magnétique dans lequel ils se refroidissent. Ainsi, au cours des temps géologiques, 
lorsque la croûte océanique se forme, elle enregistre les changements successifs de polarité du champ 
PDJQpWLTXHHWSUpVHQWHHQV¶pORLJQDQWGHO¶D[HGHODGRUVDOHXQHDOWHUQDQFHGHEORFVG¶DLPDQWDWLRQ
QRUPDOHRXLQYHUVH/HVFRQWUDVWHVG¶DLPHQWDWLRQHQWUHFHVEORFVHQWUDînent l’apparition d’anomalies 
PDJQpWLTXHVSDUDOOqOHVjO¶D[HG¶DFFUpWLRQHWLVRFKURQHV9LQHDQG0DWWKHZVGRQWO¶kJHSHXW
être déterminé à l’aide d’échelles d’inversions géomagnétiques +HLUW]OHUHW DO&DQGHDQG
.HQW) ()LJXUH/¶pWXGHGHFHVDQRPDOLHVDpWpHWUHVWHSULPRUGLDOHFDUHOOHDSHUPLVOD
FRQ¿UPDWLRQGHODWKpRULHGHO¶H[SHQVLRQGHVIRQGVRFpDQLTXHV'LHW]HWSHUPHWG¶pWDEOLUOHV
WDX[G¶DFFUpWLRQHWO¶kJHGHODOLWKRVSKqUHRFpDQLTXHjO¶pFKHOOHGXJOREHHJ0OOHUHWDO
1 km
Peridotites
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Figure 2 : D 6FKpPD WULGLPHQVLRQQHO LOOXVWUDQW OH OLHQ HQWUH OHV LQYHUVLRQV GH SRODULWp GX FKDPS PDJQpWLTXH HW
O¶DFFUpWLRQRFpDQLTXH/HVEDQGHVQRLUHVUHSUpVHQWHQWODFURWHRFpDQLTXHDFFUpWpHGXUDQWOHVSpULRGHVQRUPDOHVHWOHV
EDQGHVEODQFKHVGXUDQW OHVSpULRGHVLQYHUVHV'¶DSUqV*HHDQG.HQWE(FKHOOHG¶LQYHUVLRQJpRPDJQpWLTXHHW
SUR¿OV\QWKpWLTXHG¶DQRPDOLHPDJQpWLTXHDVVRFLp'¶DSUqV*HHDQG.HQWF$JHGHODFURûte océanique déduit de 
O¶pWXGHGHVDQRPDOLHVPDJQpWLTXHVG/¶HUUHXUHVWFDOFXOpHjSDUWLUGHODGLVWDQFHjODSOXVSURFKHDQRPDOLHPDJQpWLTXH
LGHQWL¿pHFHWGVRQWG¶DSUqV0OOHUHWDO
a) c)
d)
b)
3. LES DORSALES À TAUX D’ACCRÉTION LENT ET ULTRA-LENT: EXCEPTIONS AU 
MODÈLE CONVENTIONNEL?
Ces 20 dernières années, les nombreuses campagnes océanographiques menées sur les dorsales 
jWDX[G¶DFFUpWLRQOHQWHWXOWUDOHQWRQWUHPLVHQTXHVWLRQOHPRGqOHFODVVLTXHG¶DFFUpWLRQRFpDQLTXH
GpFULWSUpFpGHPPHQW/¶pWXGHGHVDQRPDOLHVJUDYLPpWULTXHV/LQHWDOHWOHGUDJDJHGHURFKHV
PDQWHOOLTXHVjFHUWDLQHVH[WUpPLWpVGHVHJPHQWVGHODGRUVDOHPHGLRDWODQWLTXH&DQQDWHWDORQW
d’abord montré que l’DFWLYLWpPDJPDWLTXHpWDLWDEVHQWHHQFHUWDLQVSRLQWVOHORQJGHO¶D[HG¶DFFUpWLRQ
entraînant des variations d’épaisseur de croûWHGHO¶RUGUHGH/LQHWDO&RQWUDLUHPHQW
au modèle classique décrit précédemment, ces études ont donc d’abord mis en évidence un caractère 
WULGLPHQVLRQQHOGHVPpFDQLVPHVG¶DFFUpWLRQRFpDQLTXHjWDX[OHQWHWXOWUDOHQW)LJXUH
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Figure 3 :6FKpPDLOOXVWUDQWOHFDUDFWqUHWULGLPHQVLRQQHOGHO¶DFFUpWLRQFUXVWDOHSRXUOHVGRUVDOHVjWDX[OHQWHWXOWUD
OHQW/DYDULDELOLWpGH O¶pSDLVVHXUGHVURFKHV LQWUXVLYHVHWH[WUXVLYHVHVW LOOXVWUpH OH ORQJGH O¶D[HGH ODGRUVDOHSUR¿O
SHUSHQGLFXODLUHjFHOXLSUpVHQWpHQ)LJXUH/¶DFWLYLWpPDJPDWLTXHHVWIRFDOLVpHDXFHQWUHGHVHJPHQWRODVWUXFWXUH
thermique de la lithosphère est la plus chaude, permettant une accrétion magmatique « classique » HQGHX[FRXFKHV
$X[H[WUpPLWpVGHVHJPHQWVODWUDQVLWLRQOLWKRVSKqUHDVWKpQRVSKqUHHVWSOXVSURIRQGHOHÀX[PDJPDWLTXHHVWDSSDXYUL
et la croûWHRFpDQLTXHFODVVLTXHODLVVHSODFHDX[URFKHVPDQWHOOLTXHVWHFWRQLVpHVHWjTXHOTXHVLQWUXVLRQVPDJPDWLTXHV
D’après Cannat et al. (1995). 
3OXVWDUGODGpFRXYHUWHjO¶D[HGHODGRUVDOHPpGLRDWODQWLTXHGHURFKHVGHODFURWHLQIpULHXUHRX
GXPDQWHDXH[KXPées par l’intermédiaire de failles normales à fort rejet ou de failles de détachement 
(Cann et al., 1997; Cannat et al., 1997), a mis en évidence une importante activité tectonique liée à 
la divergence des plaques. Ces observations ont montré que la croûte océanique pouvait se former 
GHIDoRQDV\PpWULTXH OH ORQJGHIDLOOHVGHGpWDFKHPHQW&DQQHWDO/RUVGH O¶pFDUWHPHQW
GHVSODTXHVWHFWRQLTXHVODIDLOOHSUHQGUDFLQHGDQVO¶D[HG¶DFFUpWLRQHWGpQXGHSURJUHVVLYHPHQWVXU
XQHGL]DLQHGHNLORPqWUHV OHVURFKHVJDEEURïques ou mantelliques. A l’inverse, la plaque opposée 
HVW DFFUpWpH SDU O¶LQWHUPpGLDLUH G¶XQ YROFDQLVPH © FODVVLTXH ª /HV VWUXFWXUHV UpVXOWDQWHV RQW pWp
DSSHOpHV©FRUHVFRPSOH[HVRFpDQLTXHV », ils forment des dômes topographiques constitués de roches 
plutoniques et mantelliques dont la surface est striée selon la direction d’écartement des plaques 
WHFWRQLTXHV)LJXUH$LQVL LODpWpSURSRVpTXH OHVIDLOOHVGHGpWDFKHPHQWSRXYDLHQWFRQWULEXHU
GHjjODVpSDUDWLRQGHVSODTXHVWHFWRQLTXHVVXUXQHGXUpHGHO¶RUGUHGHj0D%XFNHW
al., 2005; Olive et al., 2010), les striations (ou corrugations) étant le résultat de l’interaction entre 
O¶DFWLYLWpPDJPDWLTXHHWWHFWRQLTXHGXUDQWO¶H[KXPDWLRQ)LJXUH
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Figure 4 :6FKpPDLOOXVWUDQWODIRUPDWLRQG¶XQFRUHFRPSOH[HRFpDQLTXHUpVXOWDWGHO¶H[KXPDWLRQGHURFKHVPDQWHOOLTXHV
SDUO¶LQWHUPpGLDLUHGHIDLOOHVGHGpWDFKHPHQWD(QO¶DEVHQFHGHÀX[PDJPDWLTXHVXI¿VDQWODIDLOOHGHGpWDFKHPHQWSUHQG
UDFLQHGDQVO¶D[HGHODGRUVDOHEF/HVURFKHVPDQWHOOLTXHVVRQWH[KXPpHVMXVTX¶DXSODQFKHURFpDQLTXHHOOHVIRUPHQW
un dôme topographique VWULpFRPSRVpGHJDEEURVHWGHSpULGRWLWHVVHUSHQWLQLVpHVG/DIDLOOHFHVVHGHIRQFWLRQQHUVXLWH
jXQUHJDLQG¶DFWLYLWpPDJPDWLTXHH6FKpPDWULGLPHQVLRQQHOG¶XQFRUHFRPSOH[HRFpDQLTXHFRQWUDLUHPHQWDXSODQFKHU
RFpDQLTXHYROFDQLTXHVDVXUIDFHHVWVWULpHGDQVODGLUHFWLRQSHUSHQGLFXODLUHjO¶D[HG¶DFFUpWLRQ'¶DSUqV7XFKRONHHWDO
(1998).  
)LQDOHPHQW OD GpFRXYHUWH UpFHQWH GH ODUJHV ]RQHV GHPDQWHDX H[KXPp a NP GH SDUW HW
G¶DXWUHGHODGRUVDOHGDQVODSDUWLH(VWGHODGRUVDOH6XG2XHVW,QGLHQQH&DQQDWHWDO6DXWHU
HWDOFRPSOH[L¿HHQFRUHSOXV OHPRGqOHG¶DFFUpWLRQRFpDQLTXH(OOHPRQWUHTXH OD WRWDOLWp
de la séparation des plaques tectoniques peut se faire par l’intermédiaire de failles de détachement 
sans ou avec très peu d’apport magmatique, remettant ainsi en cause le modèle classique d’accrétion 
PDJPDWLTXHSUpVHQWpSUpFpGHPPHQW6DXWHUHWDOPRQWUHQWTXHGDQVFHUWDLQHVSRUWLRQVGHOD
SDUWLH(VWGHODGRUVDOH6XG2XHVW,QGLHQQHQLOHSODQFKHUYROFDQLTXHQLOHVVWULDWLRQVDVVRFLpHVDX[
©FRUHVFRPSOH[HVªQHVRQWREVHUYpV)LJXUH$O¶LQYHUVHOHSODQFKHUGHFHV]RQHVHVWIRUPpG¶XQH
succession de rides dont la topographie lisse est formée, d’après les dragages, de roches d’origine 
PDQWHOOLTXHHWDOWpUpHVGHW\SHSpULGRWLWHVVHUSHQWLQLVpHV/HVDXWHXUVSURSRVHQWDLQVLXQHDFFUpWLRQ
crustale par changement successif de la polarité des failles de détachement, chaque faille venant en 
UHFRXSHUXQHDXWUHG¶XQHSODTXHGLYHUJHQWHjO¶DXWUH)LJXUHGHWF
Corps 
Complexe
Dorsale
Plancher volcanique
Plancher volcanique
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Figure 5 :'LIIpUHQWVPRGHVG¶DFFUpWLRQVRFpDQLTXHVREVHUYpVGDQVODSDUWLH(VWGHODGRUVDOH6XG2XHVW,QGLHQQH$
/¶D[HG¶DFFUHWLRQHVWUHSUpVHQWpSDU OHV WLUHWVEODQFV/HVFRUHVFRPSOH[HVVRQWGpOLPLWpVSDU OHV OLJQHVEODQFKHV OHXU
surface est striée car ils se forment en regard d’un plancher océanique volcanique (voir C), les stries s’étendent sur une 
GL]DLQHGHNLORPqWUHV HW OHV GUDJDJHVPRQWUHQW TX¶LOV VRQW FRPSRVpVGH URFKHVJUDEEURwTXHV HWPDQWHOOLTXHVGH W\SH
SpULGRWLWHVVHUSHQWLQLVpHV/H©VPRRWKVHDÀRRUªHVWdélimité par les lignes noires, sa surface est lisse car il se forme en 
TXDVLDEVHQFHGHPDJPDWLVPHSDUXQHLQYHUVLRQGHSRODULWpVXFFHVVLYHGHVIDLOOHVGHGpWDFKHPHQWYRLU)LJXUHF/HV
GUDJDJHVFRQ¿UPHQWODSUpVHQFHTXDVLH[FOXVLYHGHSpULGRWLWHVVHUSHQWLQLVpHV/HVVXUIDFHVH[KXPpHVSHXYHQWDWWHLQGUH
XQHFLQTXDQWDLQHGHNLORPqWUHVGHSDUWHWG¶DXWUHGHODYDOOpHD[LDOH/HUHVWHGHOD]RQHHVWIRUPpG¶XQSODQFKHURFpDQLTXH
de type classique mais d’épaisseur variable. D’après Cannat et al. (2006).
 ,O H[LVWH GHVPRGqOHV UHOLDQW OH WDX[ G¶DFFUpWLRQ j O¶D[H GH OD GRUVDOH HW OD VWUXFWXUH GH OD
OLWKRVSKqUH,OVSUpGLVHQWXQpSDLVVLVVHPHQWVLJQL¿FDWLIGHOD OLWKRVSKqUHSRXUGHVWDX[G¶DFFUpWLRQ
OHQWVHWXOWUDOHQWVHWODSUpVHQFHG¶XQHOHQWLOOHPDJPDWLTXHVWDEOHDVVRFLpHjXQHLQMHFWLRQPDJPDWLTXH
FRQWLQXHXQLTXHPHQWSRXUGHVGRUVDOHVjWDX[UDSLGHV3KLSSV0RUJDQDQG&KHQ/¶pSDLVVHXU
SUpGLWH GH OD OLWKRVSKqUH SRXU OHV WDX[ OHQWV HW XOWUDOHQWV HVW GpGXLWH GH OD SURIRQGHXUPD[LPDOH
GHVVpLVPHVHWODSUpVHQFHG¶XQHOHQWLOOHPDJPDWLTXHjGHVWDX[G¶DFFUpWLRQVXSpULHXUVjFPDHVW
YDOLGpHSDUODVLVPLTXHUpÀH[LRQ)LJXUH
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Figure 6 :3URIRQGHXUGH OD OHQWLOOHPDJPDWLTXHHQ IRQFWLRQGXGHPL WDX[G¶DFFUpWLRQ&HPRGqOHSUpGLW O¶pTXLOLEUH
HQWUHO¶DSSRUWGHFKDOHXUHWOHUHIURLGLVVHPHQWSDUFLUFXODWLRQK\GURWKHUPDOHHQIRQFWLRQGXWDX[G¶DFFUpWLRQ/DSUpVHQFH
FRQWLQXHG¶XQHOHQWLOOHPDJPDWLTXHQ¶HVWSUpGLWHTXHSRXUOHVYLWHVVHVVXSpULHXUHVjFPDWDX[FRPSOHWHOOHHVWFRQ¿UPpH
SDUODVLVPLTXHUpÀH[LRQFDUUpVQRLUV-G)-XDQGH)XFD(35(DVW3DFL¿F5LVH/¶LVRWKHUPHHVWUHSUpVHQWpSRXU
OHVWDX[LQIHULHXUVjFPDGHPLWDX[LOFRUUHVSRQGjODOLPLWHGXFWLOHFDVVDQWHWFRUUqOHDYHFODSURIRQGHXUGHVVpLVPHV
REVHUYpVSRLQWVQRLUV'¶DSUqV3KLSSV0RUJDQDQG&KHQ
$XFXQPRGqOH GH IXVLRQ HJ%RZQ DQG:KLWH 5HLG DQG -DFNVRQ  QH SHUPHW
G¶H[SOLTXHU OD ODUJH YDULDELOLWp GH O¶pSDLVVHXU FUXVWDOH F¶HVWàGLUH OD ODUJH YDULDELOLWp GH ÀX[
PDJPDWLTXHDVVRFLpHDX[GLIIpUHQWVPRGHVG¶DFFUpWLRQRFpDQLTXHREVHUYpVDX[GRUVDOHVOHQWHVHWXOWUD
OHQWHV)LJXUHHW&HVUpFHQWHVpWXGHVPRQWUHQWjO¶LQYHUVHTXHOHPRGqOHG¶DFFUpWLRQFODVVLTXH
Q¶HVWYDODEOHTXHGDQVOHFDVG¶XQÀX[PDJPDWLTXHVWDEOHJUkFHDXTXHOODTXDVLWRWDOLWpGHO¶HVSDFH
FUppSDUODVpSDUDWLRQGHVSODTXHVWHFWRQLTXHVHVWFRPEOp,OV¶DSSOLTXHGRQFUHODWLYHPHQWDLVpPHQW
DX[ GRUVDOHV j WDX[ G¶DFFUpWLRQ UDSLGHV HW LQWHUPpGLDLUHV WDX[ VXSpULHXU j  FPD HJ GRUVDOHV
GX 3DFL¿TXH HW j TXHOTXHV H[FHSWLRQV GH GRUVDOHV OHQWHV VRXV O¶LQÀXHQFH GH SRLQWV FKDXGV HJ
5H\NMDQHVFPD%HOODQG%XFNSRXUOHVTXHOOHVODVWUXFWXUHWKHUPLTXHSHUPHWODSUpVHQFH
G¶XQHDFFUpWLRQFUXVWDOHKRPRJqQH)LJXUH0DLVjO¶KHXUHDFWXHOOH OHVPRGqOHVG¶DFFUpWLRQQH
SHUPHWWHQWSDVG¶H[SOLTXHUSOHLQHPHQWODIRUPDWLRQGH©FRUHVFRPSOH[HVªRFpDQLTXHVOHVYDULDWLRQV
GHÀX[PDJPDWLTXHREVHUYpHVOHORQJGHVGRUVDOHVOHQWHVRXXOWUDOHQWHVHWOHSDVVDJHG¶XQUpJLPH
G¶DFFUpWLRQPDJPDWLTXHYHUVXQUpJLPHDPDJPDWLTXH
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Figure 7 : Modes d’accrétion observés en fonction de la vitesse de divergence des plaques a. Dorsales rapides et 
intermédiaires, le mode d’accrétion est principalement magmatique, la part de la tectonique dans l’accommodation 
GHODGLYHUJHQFHGHVSODTXHVQHGpSDVVHSDVE'RUVDOHVOHQWHVHWXOWUDOHQWHV O¶DFFUpWLRQSHXWVHIDLUHGHIDoRQ
asymétrique par l’intermédiaire d’une faille de détachement et en regard d’un plancher océanique de type magmatique; 
50 à 70% de la divergence est accommodée par la tectonique entraîQDQWODIRUPDWLRQGHFRUHVFRPSOH[HVRFpDQLTXHVF
'RUVDOHVXOWUDOHQWHVO¶DFFUpWLRQSHXWrWUHDPDJPDWLTXH, les failles de détachements coupent successivement l’une ou 
O¶DXWUHGHVSODTXHVGLYHUJHQWHV'¶DSUqV6PLWK
a) Dorsales rapides et intermediaires (taux supperieur à 6 cm/a) ou drosales sous l’in$uence d’un point chaud
b) Dorsales lentes et ultra-lentes (taux inférieur à 6 cm/a)
c) Dorsales ultra-lentes (taux inférieur à 1,5 cm/a)
4. LA TRANSITION OCÉAN-CONTINENT: UN ANALOGUE DES DORSALES LENTES OU 
ULTRA-LENTES ?
Dans les modèles classiques de la tectonique des plaques, la rupture continentale est représentée 
par un contact direct entre la croûte océanique et la croûWHFRQWLQHQWDOH0F.HQ]LH1pDQPRLQV
GHODPrPHIDoRQTXHOHVPpFDQLVPHVG¶DFFUpWLRQDXQLYHDXGHVGRUVDOHVPpGLRRFpDQLTXHVOHQWHV
HW XOWUDOHQWHV VH VRQW UpYpOpV G¶XQH FRPSOH[LWp LQVRXSoRQQpH OD GpFRXYHUWH GH PDUJHV GLWHV
©DSSDXYULHVHQPDJPDªDUHPLVHQTXHVWLRQFHSRLQWGHYXH/HVGRQQpHVVLVPLTXHVHWOHVIRUDJHV
UpYqOHQWXQHODUJH]RQHGHWUDQVLWLRQaNP%RLOORWHWDO:KLWPDUVKHWDOHQWUH
l’océan et le continent (TOC) caractérisée par un changement progressif depuis la croûte continentale 
pWLUpHYHUVGHVURFKHVPDQWHOOLTXHVH[KXPpHVGHW\SHSpULGRWLWHVVHUSHQWLQLVpHVMXVTX¶DX[SUHPLqUHV
URFKHVpUXSWLYHVPDUTXDQWO¶DSSDULWLRQGHFHTXLVHPEOHFRUUHVSRQGUHDX[SUpPLVVHVGHO¶DFFUpWLRQ
RFpDQLTXH -DJRXW]HW DO/DSULQFLSDOHTXHVWLRQTXHSRVH ODSUpVHQFHG¶XQH WHOOH]RQHGH
WUDQVLWLRQ HVW GRQF FHOOH GH O¶HQGURLW R VH IRUPH OD SUHPLqUH OLWKRVSKqUH RFpDQLTXH /HV IRUDJHV
HIIHFWXpVVXUOHVPDUJHV,EpULH7HUUH1HXYHPRQWUHQWTXHOD72&HVWIRUPpHGHURFKHVPDQWHOOLTXHV
héritées de la lithosphère continentale (Muntener and Manatschal, 2006). De plus, ils montrent qu’une 
ODUJHSRUWLRQGHFHVURFKHVVXELWXQPDJPDWLVPHGHW\SHDOFDOLQFRPSOH[HHWSRO\SKDVpDORUVTXHOH
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PDJPDWLVPHGHW\SH025%0LG2FHDQLF5LGJH%DVDOWFDUDFWpULVWLTXHGHVGRUVDOHVRFpDQLTXHV
Q¶HVWSUpVHQWTXHGDQVODSDUWLHODSOXVGLVWDOHGHOD72&,OV¶H[SULPHSDUGHVYHLQHVLQWUXVLYHVHW
GHV FRXOpHV EDVDOWLTXHV GH IDLEOH pSDLVVHXU aP -DJRXW] HW DO  )LJXUH  UHFRXYUDQW OH
VRFOH SpULGRWLWLTXH'H SOXV FHUWDLQVPRGqOHV SURSRVHQW XQPpFDQLVPH G¶H[KXPDWLRQ GHV URFKHV
PDQWHOOLTXHVGDQV OD72&VLPLODLUHjFHOXLREVHUYpDX[GRUVDOHVXOWUDOHQWHVDYHFGHQRPEUHXVHV
IDLOOHVG¶H[KXPDWLRQGRQWODSRODULWpFKDQJHGHPDQLqUHUpSpWpH5HVWRQDQG0F'HUPRWW(Q
UHYDQFKHG¶DXWUHVPRGqOHVQHSURSRVHTX¶XQVHXOV\VWqPHGHIDLOOHVGHGpWDFKHPHQW3pURQ3LQYLGLF
and Manatschal, 2008). 
/DTXHVWLRQUpVLGHGRQFGDQVODORFDOLVDWLRQjO¶H[WUpPLWpGHOD72&GHODOLWKRVSKqUHRFpDQLTXH
correspondant à la mise en place d’un régime de type dorsale, en état d’équilibre thermique entre 
apport de chaleur et refroidissement et où la déformation se focalise et se traduit par la formation 
d’une nouvelle lithosphère océanique. C’est à cette limite que nous nous intéresserons dans ce travail.
Figure 8 :6FKpPDLOOXVWUDQW OHVGLIIpUHQWHVSKDVHV WHFWRQLTXHVHWPDJPDWLTXHVGXUDQW ODVpSDUDWLRQGH O¶,EpULHHWGH
7HUUH1HXYH/HV IRUDJHV ORFDOLVpVDXSOXV ORLQYHUV O¶RFpDQ HW UpYqOHQW OHSUHPLHUPDJPDWLVPHGH W\SH
025%'¶DSUqV-DJRXW]HWDO
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5. LA PROBLÉMATIQUE DES ANOMALIES MAGNÉTIQUES EN DOMAINE DE MANTEAU 
EXHUMÉ
/HV OLQpDWLRQVPDJQpWLTXHV HQ GRPDLQHV RFpDQLTXHV VRQW XWLOLVpHV GHSXLV XQH FLQTXDQWDLQH
G¶DQQpHVSRXUFRQWUDLQGUHODFLQpPDWLTXHGHVSODTXHVHWFDOFXOHUOHVWDX[G¶DFFUpWLRQGHVGRUVDOHV
PpGLRRFpDQLTXHV'HQRPEUHX[IRUDJHVHWGUDJDJHVRQWG¶DERUGSHUPLVGHPRQWUHUTXHOHVEDVDOWHV
H[WUXVLIVIRUPDQWOHSODQFKHURFpDQLTXHDYDLHQWXQFRPSRUWHPHQWIHUURPDJQpWLTXHHWpWDLHQWSRUWHXUV
G¶XQH DLPDQWDWLRQ UpPDQHQWH 150 VWDEOH HW LQWHQVH ,OV VRQWGRQF FRQVLGpUpV FRPPH OD VRXUFH
principale des anomalies magnétiques océaniques avec des valeurs moyennes d’aimantation de 
O¶RUGUHGHj$P+DUULVRQ*HHDQG.HQW
/HFRPSOH[H¿ORQLHQVLWXpMXVTX¶jPVRXVOHVFRXOpHVEDVDOWLTXHVDUDUHPHQWpWpDWWHLQWVSDU
OHVIRUDJHVHWVHVSURSULpWpVPDJQpWLTXHVVRQWPRLQVELHQFRQWUDLQWHV/¶pWXGHGXIRUDJH2'3%DX
ODUJHGX&RVWD5LFDaNPjWUDYHUVXQHFURWHRFpDQLTXHVXSpULHXUHIRUPpHjXQWDX[GHFPD
PRQWUHTXHOHV¿ORQVEDVDOWLTXHVRQWXQHDLPDQWDWLRQUHODWLYHPHQWVWDEOHPDLVHQPR\HQQHGHX[IRLV
inféULHXUHjFHOOHGHVODYHV150PR\HQQHGH$P3DULVRHWDO)LJXUH
Figure 9 : D6HFWLRQ VFKpPDWLTXHGH ODGRUVDOHGHV*DOiSDJRV LOOXVWUDQW OD ORFDOLVDWLRQGX IRUDJH%DX ODUJHGX
&RVWD5LFD'¶DSUqV$QGHUVRQHWDOE,QWHUSUpWDWLRQJpRORJLTXHHWSURSULpWpVPDJQpWLTXHVGHODFURWHRFpDQLTXH
VXSpULHXUHLVVXHVGHODFRPSLODWLRQGHVGRQQpHVGHIRUDJHDXWURX2'3%/DSURIRQGHXUHVWLQGLTXpHHQPqWUHVRXV
OHSODQFKHURFpDQLTXH-UHSUpVHQWHOD150;ODVXVFHSWLELOLWpPDJQpWLTXHHW4OHFRHI¿FLHQWGH.RHQLJVEHUJHUUDWLR
150VXUDLPDQWDWLRQLQGXLWH'¶DSUqV3DULVRDQG-RKQVRQ
a)
b)
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De la même façon, très peu de forages ont atteint la couche inférieure de gabbros et les mesures 
GH150VXUpFKDQWLOORQVVHPEOHQWFRQWUDGLFWRLUHV(OOHVPRQWUHQWTXHOHVJDEEURVRQWXQHDLPDQWDWLRQ
UpPDQHQWHG¶DPSOLWXGHSOXVIDLEOHTXHOHVEDVDOWHVSDUH[HPSOHOD150PR\HQQHHVWGH$PSRXU
OHVLWH2'3%3DULVRDQG-RKQVRQHWOHV150PHVXUpHVVHPEOHQWSOXVYDULDEOHVTXHFHOOHV
GHVEDVDOWHV'HSOXVODFRQWULEXWLRQGHVJDEEURVDX[DQRPDOLHVPDJQpWLTXHVQ¶HVWSDVSOHLQHPHQW
comprise car la distribution de l’aimantation rémanente dans ces roches dépend du moment où elle est 
DFTXLVH/HUHIURLGLVVHPHQWGHVJDEEURVpWDQWSOXVOHQWTXHFHOXLGHVEDVDOWHVGHODFURWHVXSpULHXUH
LOQ¶HVWSDVpYLGHQWTXHODSRODULWpGHO¶DLPDQWDWLRQVRLWODPrPHGDQVFHVGHX[W\SHVGHURFKHV
/H FRPSRUWHPHQW IHUURPDJQpWLTXH GHV SpULGRWLWHV GLIIqUH GH FHOXL GHV URFKHV H[WUXVLYHV HW
intrusives car elles peuvent acquérir une aimantation rémanente lors du processus serpentinisation à 
OHXUHQWUpHHQFRQWDFWDYHFO¶HDXGHPHU&DQQ7RIWHWDO/¶LQWHUDFWLRQHQWUHOHVÀXLGHV
HWOHVPLQpUDX[IHUURPDJQpWLTXHVWHOVTXHO¶ROLYLQHRXOHS\UR[qQHIRUPHODPDJQpWLWHSRUWHXVHGH
O¶DLPDQWDWLRQ,ODpWpGpPRQWUpTX¶XQWDX[GHVHUSHQWLQLVDWLRQVXSpULHXUjHVWQpFHVVDLUHSRXU
SURGXLUHXQHVXVFHSWLELOLWpPDJQpWLTXHVLPLODLUHjFHOOHGHVEDVDOWHV2X¿HWDO&HWDX[GH
VHUSHQWLQLVDWLRQ VHPEOH DWWHLQW GDQV OHV GHX[ SUHPLHUV NLORPqWUHV GHV ]RQHV GHPDQWHDX H[KXPp
DX[GRUVDOHVXOWUDOHQWHVHWDX[72&&KLDQHWDO'HDQHWDO0LQVKXOOHWDO
1pDQPRLQVOHVpFKDQWLOORQVGHIRUDJHV2'3PRQWUHQWXQHIRUWHYDULDELOLWpG¶DLPDQWDWLRQUpPDQHQWH
G¶XQ VLWH j O¶DXWUH HWPrPH OH ORQJG¶XQH VHXOH HWPrPHFDURWWH 2X¿HW DO  ,OVPRQWUHQW
également une susceptibilité magnétique plus importante que celle généralement observée sur les 
basaltes océaniques. En raison de ces propriétés et du mode d’accrétion de ces roches, leur contribution 
DX[DQRPDOLHVPDJQpWLTXHVRFpDQLTXHVHVWGRQFjO¶KHXUHDFWXHOOHODPRLQVELHQFRPSULVH
En règle générale, une couche uniformément magnétisée, drapée sur la topographie, d’épaisseur 
FRQVWDQWHHWIRUPpHG¶XQHVXFFHVVLRQGHEORFVG¶DLPDQWDWLRQRSSRVpHDX[OLPLWHVYHUWLFDOHVVXI¿WjOD
PRGpOLVDWLRQHWjO¶LGHQWL¿FDWLRQGHVDQRPDOLHVPDJQpWLTXHVRFpDQLTXHVHJ*HHDQG.HQW
/HVPRGqOHVFODVVLTXHVGHODWHFWRQLTXHGHVSODTXHVUHSUpVHQWHQWODOLPLWHHQWUHGRPDLQHVFRQWLQHQWDO
HWRFpDQLTXHSDUXQFRQWDFWGLUHFWHQWUHFHVGHX[W\SHVGHOLWKRVSKqUHVHWFHWWHOLPLWHHVWJpQpUDOHPHQW
Gp¿QLHSDUO¶DSSDULWLRQGHODSUHPLqUHDQRPDOLHPDJQpWLTXHRFpDQLTXH7RXWHIRLVGDQVOHV72&GHV
marges appauvries en magma, le signal magnétique est de faible amplitude et de faible continuité 
VSDWLDOH/DFRPSOH[LWpLQVRXSoRQQpHGHVSURFHVVXVG¶DFFUpWLRQHWODYDULpWpGHVURFKHVIRUPDQWOH
SODQFKHURFpDQLTXHUHQGHQWO¶LQWHUSUpWDWLRQGLI¿FLOHHWOHXUVRXUFHHVWFRQWURYHUVpH:KLWPDUVKDQG
0LOHV5XVVHOODQG:KLWPDUVK6LEXHWHWDO
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/HEXWGHFHWUDYDLOHVWGRQFG¶pWXGLHUOHVLJQDOPDJQpWLTXHDVVRFLpjO¶H[KXPDWLRQGHURFKHV
PDQWHOOLTXHVjSUR[LPLWpGHODGRUVDOHRFpDQLTXHXOWUDOHQWHHWj OD WUDQVLWLRQRFpDQFRQWLQHQWD¿Q
G¶HQGpGXLUHVLO¶H[KXPDWLRQGHURFKHVPDQWHOOLTXHVDX[GRUVDOHVRFpDQLTXHVHVWFRPSDWLEOHDYHF
l’enregistrement d’inversions de polarité du champ magnétique terrestre, (2) quels processus sont 
DVVRFLpVDX[DQRPDOLHVPDJQpWLTXHVREVHUYpHVjO¶DSORPEGHV]RQHVGHWUDQVLWLRQVRFpDQFRQWLQHQWHW
(3) quelles sont les conséquences de ces processus sur les mécanismes de rupture continentale.
3DUFHTXHOHVGRQQpHVPDJQpWLTXHVGpMjSXEOLpHVHWDFTXLVHVjO¶DSORPEGH]RQHVGHPDQWHDX
H[KXPpGHVGRUVDOHVXOWUDOHQWHV6DXWHUHWDOHWGHVPDUJHVDSSDXYULHVHQPDJPD0LOHVHW
DO6ULYDVWDYDHWDO5XVVHOODQG:KLWPDUVK6LEXHWHWDO révèlent un signal 
PDJQpWLTXHFRPSOH[HGHIDLEOHDPSOLWXGHHWGHIDLEOHFRQWLQXLWpVSDWLDOHLOQRXVIDXGUDWUDYDLOOHUDYHF
GHVGRQQpHVGHTXDOLWpHWGHUpVROXWLRQPD[LPDOH$LQVLGDQVXQHSUHPLqUHSDUWLHQRXVGpYHORSSHURQV
les méthodes de traitement et d’interprétation nécessaires à la calibration et l’interprétation des 
anomalies magnétiques acquises à l’aide de magnétomètres trois composantes tractés proche du fond 
©GHHSWRZPDJQHWLFGDWDª'DQVXQHGHX[LqPHSDUWLHQRXVQRXVIRFDOLVHURQVVXUO¶étude du signal 
PDJQpWLTXHDVVRFLpDX[GRPDLQHVGHPDQWHDXH[KXPpGHODGRUVDOH6XG2XHVW,QGLHQQH$O¶DLGHGH
GRQQpHVKDXWHUpVROXWLRQDFTXLVHVjSUR[LPLWpGXIRQGHWGHVPpWKRGHVGpYHORSSpHVGDQVODSUHPLqUH
SDUWLHQRXV WHQWHURQVGHPLHX[FRQWUDLQGUH ODFRQWULEXWLRQGHFKDTXH W\SHGHSODQFKHURFpDQLTXH
DX[DQRPDOLHVPDJQpWLTXHV1RXVWHQWHURQVGHFRPSUHQGUHVLO¶H[KXPDWLRQGHURFKHVPDQWHOOLTXHV
est compatible avec la formation de linéations magnétiques telles que présentées dans le modèle 
FODVVLTXHG¶DFFUpWLRQRFpDQLTXH)LQDOHPHQWGDQVXQHGHUQLqUHSDUWLHQRXVQRXVFRQFHQWUHURQVVXU
OH VLJQDOPDJQpWLTXHDVVRFLpj OD WUDQVLWLRQRFpDQFRQWLQHQWGHVPDUJHV ,EpULH7HUUH1HXYH1RXV
tenterons de comprendre quels processus et quelles sources contribuent à ce signal. Ceci dans le 
EXWG¶\FRQWUDLQGUHODORFDOLVDWLRQGHODUXSWXUHFRQWLQHQWDOHF¶HVWàGLUHO¶HQGURLWRVHORFDOLVHOD
déformation et débute la formation de la nouvelle lithosphère océanique.
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CHAPITRE 1: MÉTHODES
/a première partie de cette thèse est consacrée au développement de méthodes de traitement HWG¶DQDO\VHGHGRQQpHVPDJQpWLTXHVDFTXLVHVHQGRPDLQHRFpDQLTXH1RXVSUpVHQWRQV
GDQVFHPpPRLUHXQFHUWDLQQRPEUHGHSUR¿OVGLW©GH IRQGGHPHUª ,OVRQW pWp DFTXLV j O¶DLGH
d’un magnétomètre trois composantes monté sur un sonar latéral lui même remorqué par un navire 
océanographique. Cet instrument permet l’acquisition de données magnétiques haute résolution en 
UDLVRQGHVDSUR[LPLWpDYHFOHSODQFKHURFpDQLTXH1pDQPRLQVLOHVWVRXPLVjFHUWDLQHVFRQWUDLQWHV
WHFKQLTXHVOLpHVjO¶HQYLURQQHPHQWPDULQHWOHVPHVXUHVUpDOLVpHVQpFHVVLWHQWGHQRPEUHX[WUDLWHPHQWV
avant interprétation. 
/HOHYpGHSUR¿OVPDJQpWLTXHVGHIRQGGHPHUSRVHGHX[SULQFLSDX[SUREOqPHVOHSUHPLHU
est lié à l’interférence magnétique de la structure du véhicule remorqué dans lequel est intégré le 
PDJQpWRPqWUH HW OH VHFRQG HVW OLp DX[ YDULDWLRQV G¶DOWLWXGH GX YpKLFXOH SHQGDQW OD SORQJpH /HV
anomalies magnétiques respectivement engendrées par l’aimantation du véhicule et les variations 
GHGLVWDQFHjODVRXUFHDLPDQWpHPDVTXHQWOHVLJQDOPDJQpWLTXHDVVRFLpDX[FRQWUDVWHVJpRORJLTXHV
1RXV DSSOLTXRQV LFL XQHPpWKRGHGH FDOLEUDWLRQ LVVXH GH ODPDJQpWRPpWULH VDWHOOLWDLUH SRXU
WUDLWHU OHVPHVXUHVPDJQpWLTXHVGH IRQGGHPHU1RXVPRQWURQVTXHFRQWUDLUHPHQWDX[PpWKRGHV
FRPPXQpPHQW XWLOLVpHV HQ JpRSK\VLTXH PDULQH O¶LQWHUIpUHQFH PDJQpWLTXH GX YpKLFXOH SHXWrWUH
confortablement corrigée sans connaissance préalable de l’orientation spatiale du magnétomètre. 
1RXVGpYHORSSRQVHQVXLWHXQHPpWKRGHG¶LQYHUVLRQGHVSUR¿OVG¶DQRPDOLHVPDJQpWLTXHV1RXV
montrons que malgré les variations d’altitude du véhicule durant l’acquisition du champ magnétique, 
il est possible, par l’intermédiaire d’une unique inversion linéaire, d’estimer l’aimantation de la croûte 
océanique. En s’affranchissant de la topographie du fond marin et en ramenant les mesures à altitude 
FRQVWDQWHFHWWHPpWKRGHSHUPHWXQHDQDO\VHSOXV¿QHGHODOLWKRORJLHPDJQpWLTXHFUXVWDOH
Ce chapitre a été publié dans la revue « Geophysics » sous la référence (la version publié est 
GLVSRQLEOHHQDQQH[HVXLYDQWH
%URQQHU$0XQVFK\06DXWHU'&DUOXW-6HDUOH5DQG0DLQHXOW$'HHSWRZ&
PDJQHWLFPHDVXUHPHQW6ROXWLRQVIRUFDOLEUDWLRQDQGLQWHUSUHWDWLRQ*HRSK\VLFV--
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ABSTRACT
Two main problems are encountered in deep-tow three component magnetic surveys. ;e <rst 
is related to the instrumental error due to the manufacturing of the sensor, its integration in the 
tow-<sh structure and the magnetization of the vehicle carrying the magnetometer; the second 
is related to the variation in altitude of the instruments during the dive. In this paper, we intro-
duce a new type of calibration approach for deep-tow >uxgate magnetometers. We show that the 
magnetometer can be calibrated with no recourse to the vehicle attitude (pitch, roll and heading, 
as it is usually achieved) but only using the three components recorded by the magnetometer 
and an approximation of the scalar intensity of the Earth’s magnetic <eld. ;is method, called 
scalar calibration, allows us to eliminate the intrinsic instrumental errors as well as the magne-
tization e\ect of the tow-vehicle. ;us, despite the low maneuverability of the tow-<sh during 
the calibration experiment we provide a signi<cant improvement in obtaining accurate magne-
tic anomaly pro<les. As only the total <eld anomaly and not the magnetic vector is suitable for 
this method, we investigate the possibility of calculating the three components via an equivalent 
source approach. ;erefore, assuming a 2D topographic equivalent layer, we provide a stable 
and a meaningful magnetization of the oceanic crust. We show that although magnetic data are 
acquired along uneven tracks, this model based on one single linear inversion is su]cient to 
provide a <rst order depth and magnetization intensity of the crust and also to carry out upward 
continuation of the total anomalous <eld as well as its associated vector.
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1. INTRODUCTION
$VWKH\DUHFRPSDFWDQGORZFRVWWKUHHFRPSRQHQWPDJQHWRPHWHUVDUHFRPPRQO\XVHGIRU
GHHSWRZZRUN,VH]DNL8QOLNHSURWRQSUHFHVVLRQPDJQHWRPHWHUV WKH\SURYLGHQRWRQO\D
PHDVXUHPHQWRIWKHWRWDOLQWHQVLW\RIWKH(DUWK¶VPDJQHWLF¿HOGEXWDOVRRILWVYHFWRUFRPSRQHQWV
+RZHYHU WKH PDQXIDFWXULQJ RI WKH VHQVRU DV ZHOO DV WKH PDJQHWLF HIIHFW RI WKH YHKLFOH XS WR
WKRXVDQGVRIQDQRWHVODVFDUU\LQJLWOHDGWRPHDVXUHPHQWDUWLIDFWVDQGQRQDEVROXWHYDOXHVWKDWUHTXLUH
compensation and calibration prior to any data processing or interpretation. Once the magnetometer is 
FDOLEUDWHGDVHFRQGSUREOHPRFFXUVPDJQHWLFGDWDDUHDFTXLUHGDWXQHYHQDOWLWXGHVDQGWKHDPSOLWXGH
RIPHDVXUHGPDJQHWLFDQRPDOLHVGHSHQGVQRWRQO\RQWKHPDJQHWL]DWLRQRIWKHVHDÀRRUEXWDOVRRQ
WKHGLVWDQFHEHWZHHQWKHPDJQHWRPHWHUDQGWKHPDJQHWL]HGVRXUFHV
7KH PHWKRG SURSRVHG E\ ,VH]DNL  DQG .RUHQDJD  LV FRPPRQO\ XVHG IRU WKH
instrumental correction. This method is based on a vector calibration and requires both intensity and 
RULHQWDWLRQRIWKH(DUWK¶VPDJQHWLF¿HOGLQWKHVHQVRUV¶FRRUGLQDWHV\VWHP7RDFKLHYHWKLVDFFXUDWH
YHKLFOH¿[HGJ\URVFRSHVDUHUHTXLUHGEXWVXFKGHYLFHVDUHFRVWO\DQGPRVWRIWKHPSURYLGHRQO\DQ
DSSUR[LPDWLRQRIWKHYHKLFOH¶VDWWLWXGH.RUHQDJDKDVVKRZQWKDWDPHDVXUHPHQWHUURURI
LQWKHYHKLFOH¶VDWWLWXGHZLWKLQDQDPELHQW¿HOGRIQ7UHVXOWVLQDQ7HUURULQWKHPDJQHWLF
SUR¿OH7KHQLQDFFXUDWHHVWLPDWLRQRIWKHYHKLFOHPRWLRQDQGORJJLQJERWKDWWLWXGHDQGPDJQHWLFGDWD
VLPXOWDQHRXVO\UHVXOWVLQQRLVHJHQHUDWLRQ6XFKOLPLWDWLRQVH[SODLQZK\VLQFHWKH¿UVWPDULQHYHFWRU
PDJQHWRPHWHUZDVGHSOR\HG,VH]DNLRQO\DIHZFUXLVHVKDYHXVHGWKLVLQVWUXPHQW6HDPDHW
DO.RUHQDJD7LYH\HWDO<DPDPRWRHWDO.DWRHWDO6DWRHWDO
6HDUOHHWDO
The aim of this paper is to provide new solutions that overcome the limitations described above. 
These solutions are developed for the calibration aspect as well as for data processing and preliminary 
LQWHUSUHWDWLRQRIPDJQHWLFDQRPDOLHV,Q WKHIROORZLQJVHFWLRQVZHSURSRVHDFDOLEUDWLRQDSSURDFK
called scalar calibration. This method was already successful for satellite magnetic measurements 
(Merayo et al., 2000; Olsen et al., 2001) and has been used for laboratory calibration of surface 
WRZHGWKUHHFRPSRQHQWPDJQHWRPHWHUV*HHDQG&DQGH(QJHOVHWDO+RZHYHULWKDV
QHYHUEHHQDSSOLHGWRKLJKO\PDJQHWL]HGWRZYHKLFOHV:HVKRZWKDWWKLVPHWKRGDOORZVVLJQL¿FDQW
LPSURYHPHQW LQREWDLQLQJDFFXUDWHPDJQHWLFDQRPDO\SUR¿OHV:HDOVR LQYHVWLJDWH WKHSRVVLELOLW\
of using the equivalent source technique (Dampney, 1969) to provide an accurate model of the 
VHDÀRRUPDJQHWL]DWLRQ WKDWFDQEHXVHG WRFRPSXWH WKH WRWDODQRPDORXVPDJQHWLF¿HOGDVZHOODV
its corresponding vector at any point outside the source. All the methods presented in this paper are 
implemented via Matlab and scripts are available upon request.
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The offset errors, b[ , by  and , b]RU³HUURUVRI]HUR´DUHHTXLYDOHQWWRWKHRXWSXWRIWKHWKUHH
VHQVRUVZKHQQRPDJQHWLF¿HOGLVDSSOLHGWRWKHPDJQHWRPHWHU
2. SCALAR CALIBRATION
2.1. SOLVING THE NINE ERRORS OF MEASUREMENT
7KH¿UVW LVVXH LQKHUHQW WR GHHSWRZPDJQHWLFPHDVXUHPHQWV LV UHODWHG WR WKH FDOLEUDWLRQ RI
WKHWKUHHFRPSRQHQWPDJQHWRPHWHU,WKDVEHHQVKRZQWKDWWKHÀX[JDWHPDJQHWRPHWHUVXIIHUVIURP
QLQHHUURUVUHODWLYHWRWKHPDQXIDFWXULQJRIWKHVHQVRU0XQVFK\HWDO)LUVWGXHWRWHFKQLFDO
GLI¿FXOWLHVWKHWKUHHÀX[JDWHVHQVRUVFDQQRWEHPRXQWHGZLWKDSHUIHFWRUWKRJRQDOLW\WRHDFKRWKHU
and are skewed by about 1r)LJXUH$FFRUGLQJWR,VH]DNLWKHRUWKRJRQDOLW\RIWKHWKUHH
sensors is adjusted for a minimum accuracy of 100 nT in the measurement of the total geomagnetic 
¿HOG0RUHRYHUHDFKRIWKHWKUHHVHQVRUVVXIIHUVERWKDQHUURURIRIIVHWDQGDQHUURURIVHQVLWLYLW\
8VXDOO\VLQFHWKHXSSHUSDUWRIWKHRFHDQLFFUXVWKDVDVXEVWDQWLDOLQWHQVLW\RIPDJQHWL]DWLRQ9LQH
DQG0DWWKHZVDQDFFXUDF\RIQ7LVVXI¿FLHQWIRUPDJQHWL]DWLRQDQDO\VLVRIWKHVHDÀRRU
1HYHUWKHOHVVWKLVOLPLWDWLRQUHPDLQVKLJKO\SUREOHPDWLFLQDUHDVRIZHDNDQGLOOGH¿QHGPDJQHWLF
signal.,QGHHGWKHUHFHQWGLVFRYHU\DWVORZVSUHDGLQJULGJHV&DQQDWHWDODQGRFHDQFRQWLQHQW
WUDQVLWLRQV:KLWPDUVKHWDORIQHZW\SHVRIVHDÀRRUPDLQO\IRUPHGZLWKXOWUDPD¿FURFNVDQG
DVVRFLDWHGZLWKQRRUYHU\OLWWOHYROFDQLFDFWLYLW\VKRZVDQXQH[SHFWHGZHDNQHVVDQGFRPSOH[LW\RI
WKHDVVRFLDWHGPDJQHWLFVLJQDO6DXWHUHWDO%URQQHUHWDO
7KHHUURURIVHQVLWLYLW\IRUHDFKRIWKHWKUHHVHQVRUVGHQRWHG6[, 6yDQG6] can be written as a 
GLDJRQDOPDWUL[SLQWKHQRQRUWKRJRQDO;´<´=´VHQVRU¶VFRRUGLQDWHV\VWHP)LJXUH
         
DQG DVVXPLQJ ;¶<¶=¶ DQ RUWKRJRQDO FRRUGLQDWH V\VWHP DVVRFLDWHG WR WKH PDJQHWRPHWHU
ZLWK;¶ ;´)LJXUH
   
(1)
(2)
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7KHQRQRUWKRJRQDOLW\ LVZULWWHQ DV D [ ORZHU WULDQJXODUPDWUL[P, which transforms the 
DPELHQWPDJQHWLFYHFWRUWRWKHQRQRUWKRJRQDOVHQVRU¶VV\VWHPLHIURP;¶<¶=¶WR;´<´=´
                   
where u LV GH¿QHG LQ )LJXUH $VVXPLQJ f’ is the unprocessed output of the sensor and f 
WKHDPELHQWPDJQHWLF¿HOGDSSOLHGWRWKHPDJQHWRPHWHULQWKHVHQVRUV¶VNHZHGFRRUGLQDWHV\VWHP
;´<´=´WKHH[SUHVVLRQRIWKHRXWSXWRIWKHPDJQHWRPHWHUUHODWLYHWRWKHDPELHQWPDJQHWLFYHFWRU
is written as (Olsen et al., 2001)
                               
ZKHUHDVLQWKHFRUUHFWHGRUWKRJRQDOVHQVRUV¶FRRUGLQDWHV\VWHP;¶<¶=¶WKHH[SUHVVLRQIRU
the ambient magnetic vector relative to the output of the magnetometer is,
+HQFHWKHVFDODULQWHQVLW\RIWKHFRUUHFWHGDPELHQWPDJQHWLF¿HOGLV
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                                      
   
                       
7KHSUREOHPLVQRQOLQHDUIRUWKHQLQHSDUDPHWHUVDERYHEXWFDQEHVROYHGE\PLQLPL]LQJWKH
Ȥ2PLV¿WDV2OVHQHWDOSURSRVHG     
:KHUHı
b 
LVWKHGDWDHUURUDQGŇf  ŇLVWKHFRUUHFWHGVFDODULQWHQVLW\RIWKHPHDVXUHGPDJQHWLF
¿HOG f') using equation 6 and F
0
 WKHHVWLPDWHG LQWHQVLW\RI WKH(DUWK¶VPDJQHWLF¿HOGZKLFKFDQ
EH DSSUR[LPDWHG E\ DPRGHO RI WKH (DUWK¶V ¿HOG HJ WKH ,*5) SURYLGHG E\ DQRWKHU DEVROXWH
PDJQHWRPHWHURUVXSSRVHGWREHFRQVWDQWGHSHQGLQJRQWKHFRQWH[WRIWKHFDOLEUDWLRQH[SHULPHQW
Mathematically, as the vector calibration not only uses the intensity of the magnetic vector but 
also its orientation to resolve the calibration parameters, it is more effective than a scalar calibration. 
+RZHYHUPRVWRIWKHGHHSWRZLQVWUXPHQWVKRVWORZUHVROXWLRQWLOWPHWHUVDQGJ\URFRPSDVVHVWKDW
GRQRWSURYLGHVXI¿FLHQWO\SUHFLVHRULHQWDWLRQVIRUFDOLEUDWLRQ,QFRQWUDVWWRDYHFWRUFDOLEUDWLRQRXU
DSSURDFKLVFDOOHGVFDODUFDOLEUDWLRQEHFDXVHGXULQJWKHFDOLEUDWLRQH[SHULPHQWRQO\WKHLQWHQVLW\RI
WKHPDJQHWLF¿HOGKDVWREHNQRZQF
0
) and not the three components (which require vehicle attitude 
(3)
(4)
(5)
(6)
(7)
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WREHH[SUHVVHGLQWKHVHQVRUV¶FRRUGLQDWHV\VWHP7KHUHIRUHPRVWRIWKHLQVWUXPHQWDOHUURUVGXHWR
WKHYHKLFOHPRWLRQDUHDYRLGHGDQGWKHDFFXUDF\RIWKHPDJQHWRPHWHULVVLJQL¿FDQWO\LPSURYHG
    
Figure 1 :5HSUHVHQWDWLRQ RI WKH WKUHH VNHZHG VHQVRUV FRRUGLQDWH V\VWHP ;´ <´ =´ WKH RUWKRJRQDO FRUUHFWHG
FRRUGLQDWH V\VWHPDVVRFLDWHGZLWK WKHPDJQHWRPHWHU ;¶<¶=¶DQG WKHYHKLFOH¶VFRRUGLQDWH V\VWHP;<=7KH
angles u represent the errors of orthogonality whereas angles Į and İ represent the orientation of the three sensors in the 
72%,UHIHUHQFHIUDPH7KH;¶<¶=¶FRRUGLQDWHV\VWHPLVXVHGIRUDVFDODUFDOLEUDWLRQDQGWKH;<=V\VWHPLVXVHG
for a vector calibration.
(8)
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where b
r
 represents the permanent effect of the vehicle, G LV DPDWUL[ WKDW GHSHQGV RQ WKH
distribution of the magnetic susceptibility of the vehicle and R WKHPDWUL[RIURWDWLRQIURPWKHYHKLFOH
coordinate system to the geographic coordinate system. 
2.2. COMPENSATION OF THE MAGNETIC EFFECT OF THE TOW-VEHICLE
7KHVHFRQGLVVXHLQGHHSWRZPDJQHWLFPHDVXUHPHQWLVUHODWHGWRWKHPDJQHWLFHIIHFWJHQHUDWHG
E\WKHIHUURSDUDPDJQHWLFVWUXFWXUHRIWKHWRZ¿VK7KLVHIIHFWOHDGVWRXSWRWKRXVDQGVRIQDQRWHVODV
DUWLIDFW LQ WKHPHDVXUHG VLJQDO DQG KDV WR EH FRUUHFWHG7KHPHDVXUHG YHFWRU ¿HOG QHDU WKH WRZ
vehicle (f'LVDVVXPHGWREHWKHVXPRIWKHDPELHQWJHRPDJQHWLF¿HOGWKHPDJQHWLF¿HOGSURGXFHG
E\WKHLQGXFHGPDJQHWLFPRPHQWRIWKHYHKLFOHDQGWKHPDJQHWLF¿HOGSURGXFHGE\WKHSHUPDQHQW
PDJQHWLFPRPHQWRIWKHYHKLFOH/HOLDN7KHLQGXFHGHIIHFWRIWKHYHKLFOHLWVHOILVDVVXPHG
WREHSURSRUWLRQDOWRHDFKFRPSRQHQWRIWKH(DUWK¶VPDJQHWLF¿HOG/HOLDN7KXVWKHRXWSXW
vector of the magnetometer (f'LQWKHYHKLFOH¶VFRRUGLQDWHV\VWHP;<=FDQEHZULWWHQDV,VH]DNL
DQG.RUHQDJDSRSRVH
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1HYHUWKHOHVVHTXDWLRQLVRQO\WUXHIRUWKHFRQGLWLRQWKDWWKHVHQVRUVDUHULJLGO\¿[HGWRWKH
YHKLFOHDQGPRXQWHGSHUSHQGLFXODUO\WRHDFKRWKHUEXWVXFKDFRQGLWLRQLVSUDFWLFDOO\QHYHUVDWLV¿HG
,WLVFOHDUWKDWWKHHUURURIRUWKRJRQDOLW\DVZHOODVWKHLQWHJUDWLRQRIWKHVHQVRUZLWKLQWKHYHKLFOH¶V
VWUXFWXUH)LJXUHOHDGWRHUURUVRIRULHQWDWLRQ
7KHGLUHFWLRQRIHDFKVHQVRUD[LV;´<´DQG=´ZLWKLQWKHJ\URVFRSHV¶V\VWHP)LJXUHLV
UHSUHVHQWHGE\WZRDQJOHVܭ
1 
UHVSHFWLYHO\ܭ
2 
ܭ
3
ZKLFKFRUUHVSRQGVWRWKHDQJOHEHWZHHQWKH;´
D[LVUHVSHFWLYHO\<´=´DQGWKH;D[LVUHVSHFWLYHO\<=DQGĮ
1 
UHVSHFWLYHO\Į
2 
Į
3
), which 
FRUUHVSRQGVWRWKHDQJOHEHWZHHQWKHSURMHFWLRQRIWKH;´D[LVUHVSHFWLYHO\<´=´GLUHFWLRQRQWR
WKHSODQH<=UHVSHFWLYHO\=;;=DQGWKH<D[LVUHVSHFWLYHO\=;
7KHPDWUL[CZKLFKUHSUHVHQWVWKHRULHQWDWLRQRIWKHWKUHHVNHZHGVHQVRUV;´<´=´ZLWKLQ
the vehicle reference frame  is then
                 
7KHWUXHH[SUHVVLRQIRUHTXDWLRQRIWKHXQSURFHVVHGRXWSXWRIWKHPDJQHWRPHWHUDWWKHVNHZHG
VHQVRUV¶FRRUGLQDWHV\VWHP;´<´=´EHFRPHVWKHQ      
The 12 parameters of the matrices C-1G and b
r
 represent not only the magnetic distribution of 
WKHYHKLFOHDV,VH]DNLDQG.RUHQDJDSURSRVHEXWDOVRWKHRULHQWDWLRQRIWKHVHQVRUV
ZLWKLQ WKHYHKLFOHUHIHUHQFHIUDPH,QFRQWUDVW WRDYHFWRUFDOLEUDWLRQ WKHRULJLQDOLW\RI WKHVFDODU
DSSURDFKLVWKDWWKHFDOLEUDWLRQLVSHUIRUPHGRQWKHLQWHQVLW\RIWKH¿HOGDQGQRWLWVYHFWRULHWKH
matrices C and R, which represent the spatial orientation of the sensors, do not have to be considered. 
The problem is then written as    
/HOLDNKDVVKRZQWKDWWKHVXVFHSWLELOLW\PDWUL[GLVH[SUHVVHGDVDPDWUL[FRQWDLQLQJ
VL[XQNQRZQVOLNHS·P in equations 1 and 3 while the permanent effect of the vehicle b
r
 is included in 
the offset errors of the sensor. This means that the scalar calibration and the magnetic compensation 
of the effect of the vehicle use the same equations. Consequently, the scalar calibration includes 
WKH LQVWUXPHQWDO FRUUHFWLRQDVZHOO DV WKHPDJQHWLF FRPSHQVDWLRQDQG VLQFH WKH VHQVRUV DUH¿[HG
WRDUHODWLYHO\VWURQJPDJQHWL]HGERG\XS WR WKRXVDQGVRIQDQRWHVODV WKHHVWLPDWLRQRI WKHQLQH
³LQWULQVLF´SDUDPHWHUVLVQRWVHSDUDWHGIURPWKHPDJQHWL]HGHIIHFWRIWKHYHKLFOH,QRWKHUZRUGVHDFK
parameter is a combination between the instrumental errors and the magnetic effect of the vehicle 
)LJXUH
(9)
(10)
(11)
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Figure 2 : Equations representing the effect of the intrinsic errors of measurement of the magnetometer and the 
PDJQHWLFHIIHFWRIWKHYHKLFOHRQWKHRXWSXWRIWKHPDJQHWRPHWHU7KLV)LJXUHVKRZVWKDWWKHPDJQHWLFFRPSHQVDWLRQDQG
the scalar calibration use the same equations.
Error of 
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2.3. CASE STUDY
Calibration and compensation of the magnetometer are usually achieved using data acquired 
GXULQJDFDOLEUDWLRQH[SHULPHQW,QRUGHUWRFRQVWUDLQDVPXFKDVSRVVLEOHWKHFDOLEUDWLRQSDUDPHWHUV
WKHPDJQHWLF¿HOGLVUHFRUGHGLQDUHJLRQZKHUHLWLVHLWKHUNQRZQRUFRQVWDQWDQGZLWKWKHPRVWYDULDEOH
DWWLWXGHRIWKHYHKLFOH7KHUHIRUHWKHWRZ¿VKLVPDQHXYHUHGLQDORRSZLWKKHDGLQJYDULDWLRQVRIDW
OHDVWZKHUHDVYDULDWLRQVRISLWFKDQGUROODUHREWDLQHGE\VXFFHVVLYHO\KDXOLQJLQDQGSD\LQJRXW
the wire. 
)LJXUHVDWRHVKRZWKHUHVXOWRI WKHVFDODUFDOLEUDWLRQSHUIRUPHGRQWKHWKUHHFRPSRQHQW
PDJQHWRPHWHURI WKH7RZHG2FHDQ%RWWRP,QVWUXPHQW72%,)OHZHOOHQHWDOGXULQJWKH
6PRRWKVHDÀRRUFUXLVHRIWKH590DULRQ'XIUHVQH)DOO7KH72%,ZDVWRZHGLQDWXUQ
)LJXUHFZLWKLQDQDUHDRIWKH6RXWKZHVW,QGLDQ5LGJHZKHUHWKHJHRPDJQHWLF¿HOGZDVDVVXPHG
to be constant. During the turn, variations of pitch and heading clearly affect the magnetic signal with 
DQHIIHFWRIXSWRQ7EOXHFXUYH)LJXUHDUHODWLYHWRWKHWKHRUHWLFDOUHJLRQDO¿HOG,*5)
$IWHUFDOLEUDWLRQDQGZLWKRXW¿OWHULQJWKHGDWDWKHVWDQGDUGGHYLDWLRQRIWKHFRUUHFWHGVLJQDOZDVRQO\
Q7IRUDVWDQGDUGGHYLDWLRQRIWKH,*5)RIDERXWQ7)LJXUHDDQGH7KLVPHDQVWKDW
HYHQZLWKDORZPDQHXYHUDELOLW\GXULQJWKHWXUQRQO\RIUROODQGDPD[LPXPRIRISLWFKWKH
PDJQHWLFHIIHFWRIWKHWRZYHKLFOHLVZHOOHVWLPDWHGXVLQJWKHVFDODUFDOLEUDWLRQ7KLVZDVFRQ¿UPHG
by two other calibration loops achieved during the same cruise and leading to a standard deviation of 
WKHFRUUHFWHG¿HOGRIQ7DQGQ7$VDFRPSDULVRQIRUWKHVDPHFDOLEUDWLRQH[SHULPHQWVWKH
VWDQGDUGGHYLDWLRQRIWKHPDJQHWLF¿HOGDIWHUXVLQJDYHFWRUFDOLEUDWLRQDSSURDFKZDVDERXWQ7
+HQFHZHSURYLGHKHUHDVLJQL¿FDQWLPSURYHPHQWLQREWDLQLQJYDOXDEOHPDULQHPDJQHWLFDQRPDO\
SUR¿OHVZLWKDQDFFXUDF\RIWKHFRUUHFWHGVLJQDOVLPLODUWRWKDWRISURWRQSUHFHVVLRQPDJQHWRPHWHUV
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Figure 3 :6FDODUFDOLEUDWLRQRIWKHGHHSWRZÀX[JDWHPDJQHWRPHWHUDWKHEOXHOLQHLQGLFDWHVWKHPHDVXUHG¿HOGGXULQJ
WKHFDOLEUDWLRQH[SHULPHQWDQGWKHUHGOLQHLQGLFDWHVWKHFRUUHFWHG¿HOGEGHSWKRIWKHWRZYHKLFOHGXULQJWKHFDOLEUDWLRQ
H[SHULPHQW F URXWH RI WKH YHKLFOH G DWWLWXGH RI WKH YHKLFOH GXULQJ WKH H[SHULPHQW H UHJLRQDO ¿HOG ,*5) YHUVXV
FRUUHFWHG¿HOGIWKHQLQHFDOLEUDWLRQSDUDPHWHUVDQGWKHLUDVVRFLDWHGHUURUVHVWLPDWHGE\WKHVFDODUDSSURDFK
,QRXUFDVHWKHDWWLWXGHRI72%,ZDVJLYHQE\WZRLQFOLQRPHWHUVDQGDJ\URFRPSDVVWKDWUHFRUG
UHVSHFWLYHO\SLWFKUROODQGKHDGLQJ7KHUDQJHRI72%,¶V66<3GXDOD[LVLQFOLQRPHWHUZDV
ZLWKDQDFFXUDF\RIDWDQGDW)OHZHOOHQHWDOZKHUHDVWKH2FWDQ6000 
J\URFRPSDVVSURYLGHGWKHKHDGLQJZLWKLQDUHVROXWLRQRIDQGDQDFFXUDF\RI.RUHQDJD
(1995) demonstrated that for a vector calibration approach, measurement errors in the vehicle attitude 
UHVXOWLQHUURUVRIHVWLPDWLRQLQWKHYHKLFOHPDJQHWL]DWLRQ7KLVLVZHOOLOOXVWUDWHGRQ)LJXUH7KLV
)LJXUHVKRZVDPDJQHWLFSUR¿OHDFURVVWKHHDVWHUQSDUWRIWKH6RXWKZHVW,QGLDQ5LGJH'XULQJWKH
DFTXLVLWLRQRIWKHPDJQHWLF¿HOG72%,ZDVWRZHGDWORZVSHHGDERXWkt or 1 m.sDORQJD6RXWK
1RUWKVWUDLJKWOLQH,QRUGHUWRPDLQWDLQWKHWRZ¿VKDVFORVHDVSRVVLEOHWRWKHPDJQHWLFVRXUFHWKH
wire was successively KDXOHGLQDQGSD\HGRXW$OWKRXJKWKH72%,ZDVGHVLJQHGWREHVWDEOHWRUROO
(buoyancy high up on the frame), the tow system makes it susceptible to pitch. Variation in roll and 
KHDGLQJZHUHWKXVYHU\ORZDERXWZKHUHDVSLWFKYDULHGZLWKLQDUDQJHRIDVYHKLFOHWHQGV
to pitch up (respectively down) while being hauled in (respectively payed out). The magnetic effect 
of the vehicle is thus well illustrated by the clear correlation between variations in pitch (blue curve 
)LJXUHEDQGYDULDWLRQVLQWKHPHDVXUHGPDJQHWLFVLJQDOEODFNFXUYH)LJXUHD$OWKRXJKWKHVH
high frequency magnetic anomalies related to variations in the vehicle motion were attenuated using 
DYHFWRUFDOLEUDWLRQDSSURDFKEOXHFXUYH)LJXUHDWKH\ZHUHFRPSOHWHO\UHPRYHGXVLQJWKHVFDODU
FDOLEUDWLRQUHGFXUYH)LJXUHD7KLVZDVDOVRZHOOGHPRQVWUDWHGIRUDODQGVXUYH\E\0XQVFK\HWDO
(2007) who showed that after scalar calibration the remaining signal was very close to the Gaussian 
QRLVHJHQHUDWHGE\WKHVHQVRUDQGWKHDQDORJGLJLWDOFRQYHUWHULWVHOI:HVWUHVVWKDWWKHGDWDZHUHQRW
¿OWHUHGWKHVFDODURUYHFWRUFDOLEUDWLRQEHLQJWKHRQO\SURFHVVLQJDSSOLHGWRWKHUDZGDWD)LJXUH
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Figure 4 :1RUWKVRXWKOLQHDFTXLUHGDFURVVWKH6RXWKZHVW,QGLDQ5LGJHDW(DFRPSDULVRQEHWZHHQPHDVXUHGGDWD
GDWDDIWHUYHFWRUFDOLEUDWLRQDQGGDWDDIWHUVFDODUFDOLEUDWLRQEDWWLWXGHRIWKHWRZ¿VKDORQJWKHOLQH
/DERUDWRU\FDOLEUDWLRQRIWRZHGVXUIDFHYHFWRUPDJQHWRPHWHUVKDVGHPRQVWUDWHGDVLJQL¿FDQW
LQVWUXPHQWDO GULIW PDLQO\ UHODWHG WR WKH WHPSHUDWXUHGHSHQGHQF\ RI WKH FDOLEUDWLRQ SDUDPHWHUV
*HH DQG&DQGH  (QJHOV HW DO 1HYHUWKHOHVV IRU VXFK D KLJKO\PDJQHWL]HG YHKLFOH
DV VLGHVFDQ VRQDU LQWULQVLF HUURUV DUH QHJOLJLEOH FRPSDUHG WR WKH WRZLQVWUXPHQW¶V PDJQHWLF
interference. Therefore, it is neither technically possible to determine the vehicle signal separately 
IURPWKHLQWULQVLFSDUDPHWHUVQRUSRVVLEOHWRGUDZFRQFOXVLRQVDERXWWKHLUWHPSHUDWXUHGHSHQGHQF\
0RUHRYHUGXULQJWKHFDOLEUDWLRQWXUQ)LJXUHWKHPHDQZDWHUWHPSHUDWXUHZDVDERXW&IRU
DVWDQGDUGGHYLDWLRQRI&ZKHUHDVGXULQJQHDUERWWRPGDWDDFTXLVLWLRQOLQHSUHVHQWHG)LJXUH
WKHPHDQZDWHUWHPSHUDWXUHZDVDERXW&IRUDVWDQGDUGGHYLDWLRQRI&7KXVGHVSLWHWKH&
GLIIHUHQFHEHWZHHQWKHFDOLEUDWLRQH[SHULPHQWDQGWKHQHDUERWWRPVXUYH\WKHFDOLEUDWLRQSDUDPHWHUV
look stable during data collection. All the short wavelengths associated with the vehicle movements 
DUHZHOOFRUUHFWHG)LJXUH7KLVLOOXVWUDWHVWKDWRXUHVWLPDWLRQRIWKHFDOLEUDWLRQSDUDPHWHUVLH
LQWULQVLFHUURUVDQGYHKLFOHPDJQHWL]DWLRQLVYDOXDEOHDOODORQJWKHNPSUR¿OHZLWKQRVLJQL¿FDQW
instrumental drift.
6LPLODUO\PRYLQJWKHYHKLFOHVWUXFWXUH WKURXJKDQLQKRPRJHQHRXVPDJQHWLF¿HOGPD\KDYH
LQGXFHGHGG\FXUUHQWVEXWLWLVQRWFOHDULQWKHOLWHUDWXUHZKHWKHUWKLVHIIHFWKDVDVLJQL¿FDQWLQÀXHQFH
during data acquisition; most of the papers that deal with marine magnetic data overlooked this 
SUREOHP,QRXUFDVHWKHFRPSDULVRQEHWZHHQXSZDUGFRQWLQXHGGDWDDQGGDWDIURPDVHDVXUIDFH
SURWRQPDJQHWRPHWHU)LJXUHELVWKHRQO\LQGLFDWLRQZHKDYHWRVXJJHVWWKDWWKLVHIIHFWKDVOLWWOHLI
any impact on the calibrated data.
1RWHDOVRWKDWWKHVFDODUDSSURDFKJLYHVRQO\WKHFRUUHFWHGFRPSRQHQWVDWWKHVHQVRU¶VRUWKRJRQDO
FRRUGLQDWH V\VWHP >;
 <
 =
@ )LJXUH  IRU ZKLFK WKH VSDWLDO RULHQWDWLRQ UHPDLQV XQNQRZQ
&RQVHTXHQWO\RQO\WKHWRWDO¿HOGDQRPDO\LVVXLWDEOHXVLQJWKLVPHWKRG
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3. THE EQUIVALENT LAYER, PRELIMINARY INTERPRETATION OF THE MAGNETIC 
SIGNAL
$IWHU FDOLEUDWLRQ WKH FRUUHFWHG VLJQDO FRUUHVSRQGV WR WKHPDJQHWLF ¿HOG DFTXLUHG DORQJ WKH
vehicle path. This signal includes two components that must be removed before it is useful for the 
DQDO\VLVRIVHDÀRRUWHFWRQLFVRQHUHODWHGWRWKHYDULDWLRQVLQDOWLWXGHRIWKHWRZYHKLFOHDQGWKHRWKHU
WR WKHVHDÀRRU WRSRJUDSK\+HUHZHGHYHORSDQDSSURDFKEDVHGRQWKHHTXLYDOHQW OD\HU WHFKQLTXH
SURSRVHGE\'DPSQH\LQRUGHUWRHVWDEOLVKWKHPDJQHWL]DWLRQGLVWULEXWLRQZLWKLQWKHRFHDQLF
crust which can be further used for upward continuation and vector computation. 
3.1. THEORY
'DPSQH\KDVVKRZQWKDWDSRWHQWLDO¿HOGPHDVXUHGRQDQHYHQRUXQHYHQVXUIDFH]
FDQEHH[SODLQHGE\DVRXUFHORFDWHGRQDQRWKHUVXUIDFH]¶IRUZKLFKJHRPHWU\DQGORFDWLRQDUHQRW
QHFHVVDU\UHSUHVHQWDWLYHRIWKHWUXHFDXVDWLYHVRXUFHV,QRWKHUZRUGVPXOWLWXGHRIHTXLYDOHQWVRXUFHV
FDQH[SODLQRQHVLQJOHPHDVXUHG¿HOG7KLVPHDQVWKDWZKDWHYHUWKHGLVWDQFHEHWZHHQ]DQG]¶WKHUH
DOZD\VH[LVWVDXQLTXHFRUUHVSRQGHQFHEHWZHHQWKHJLYHQSRWHQWLDO¿HOGDQGDJLYHQGLVWULEXWLRQRI
magnetic dipoles. 
7KHSRWHQWLDO¿HOGV at the point x[
i
, y
i
,
  
]
i 
GXHWRDPDJQHWL]HGGLSROHm(m[, my,  m]) located 
at the point y[
j
, y
j
,
  
]
j 
) can be written as
7KHQWKHPDJQHWLF¿HOGGXHWRWKHGLSROHLVGH¿QHGDV         
Thus,   

                                                                                                                                       

                                      (12)
(13)
(14)
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:HLQWURGXFH[
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, where the indices i correspond to the points 
ZKHUHWKHPDJQHWLF¿HOGLVPHDVXUHGDQGMWKHLQGLFHVRIWKHGLSROHV7KHPDJQHWLF¿HOGDWWKHSRLQW
i corresponds then to the sum of the magnetic effect of  all dipoles as
                                              

%HFDXVHZHZRUNZLWKPDULQHPDJQHWLFSUR¿OHVZHDVVXPH WKH VWUXFWXUHV WREHSDUDOOHO WR
WKHVSUHDGLQJULGJHZLWK[QRUPDOWRWKHULGJHD[LV\SDUDOOHOWRWKHD[LVDQG]YHUWLFDOO\GRZQ,Q
RWKHUZRUGVZHDVVXPHWKDWWKHDQRPDORXVPDJQHWLF¿HOGLVGXHWRDQHTXLYDOHQWOD\HUWKDWH[WHQGV
LQ¿QLWLYHO\DQGSHUSHQGLFXODUO\WRWKHSUR¿OH$IWHULQWHJUDWLRQRIHTXDWLRQIURPWRLQWKH
\GLUHFWLRQWKHFRPSRQHQWVEHFRPH
                       

7KHDQRPDORXVPDJQHWLF¿HOGA) due to the layer is the projection of the three components in 
WKHGLUHFWLRQRIWKH(DUWK¶VPDJQHWLF¿HOGLWVHOI    
ZKHUH',DQGĮDUHUHVSHFWLYHO\WKHGHFOLQDWLRQDQGLQFOLQDWLRQRIWKH(DUWK
VPDJQHWLF¿HOG
DQGWKHD]LPXWKRIWKHSUR¿OH:HDOVRLQWURGXFHWKHPDJQHWL]DWLRQRIWKHGLSROHDVDIXQFWLRQRILWV
LQFOLQDWLRQDQGGHFOLQDWLRQLDQGG           
(15)
(16)
(17)
(18)
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7KHDQRPDORXV¿HOGDWWKHSRLQWLLVWKHQZULWWHQDV
,QWURGXFLQJ
                                
            
we have
$VVXPLQJWKHPDJQHWLFGLUHFWLRQRIERWKWKH(DUWK¶VPDJQHWLF¿HOGDQGWKHHTXLYDOHQWVRXUFH
LVNQRZQHTXDWLRQDQGHTXDWLRQLVOLQHDULQDQGWKHPDJQHWL]DWLRQVWUHQJWKFDQEHVROYHG
E\DOLQHDUOHDVWVTXDUHDSSURDFK
            
where X is the 1[0PDWUL[
A UHSUHVHQWV WKH 1 VDPSOHV RI WKH PHDVXUHG PDJQHWLF ¿HOG DQG m is WKH PDJQHWL]DWLRQ
distribution along the M points of the equivalent layer.
2QFHWKHHTXLYDOHQWOD\HULVFRPSXWHGWKHPDJQHWLF¿HOGHTXDWLRQDVZHOODVLWVFRPSRQHQWV
HTXDWLRQFDQEHFDOFXODWHGDWDQ\ORFDWLRQRXWVLGHWKHVRXUFH,QFRQWUDVWWRDIUHTXHQF\GRPDLQ
UHGXFWLRQ*XVSLWKH¿HOGFDQEHFDOFXODWHGDWFRQVWDQWRUYDULDEOHDOWLWXGHZLWKQRUHFRXUVH
WRDQLWHUDWLYHUHVROXWLRQDQGXVLQJDOOWKHLQIRUPDWLRQDYDLODEOHLQWKHPHDVXUHG¿HOG
  
           
(19)
(20)
(21)
(22)
(23)
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%HFDXVHWKHUHDUHDQLQ¿QLW\RIHTXLYDOHQWVRXUFHFRQ¿JXUDWLRQVWKDWFRXOGH[SODLQWKHPHDVXUHG
DQRPDORXV¿HOGWKHVSDWLDOGLVWULEXWLRQRIWKHGLVFUHWHPDJQHWL]HGHTXLYDOHQWSRLQWVKDVQRSDUWLFXODU
VLJQL¿FDQFHWRFDUU\RXWYHUWLFDOFRQWLQXDWLRQ. 1HYHUWKHOHVVEHVLGHVWKHSURMHFWLRQDQGLQWHUSRODWLRQ
RIDNQRZQ¿HOGDWDQ\RWKHUSRLQWVLQVSDFHwe investigate the possibility of using the equivalence 
layer method to HVWLPDWH WKHGHSWKRI WKHPDJQHWLFVRXUFHV WKHPDJQHWL]DWLRQLQWHQVLW\RI
the oceanic crust, (3) the location of the magnetic boundaries (i.e. the location of the reversals of the 
(DUWKPDJQHWLF¿HOGDQGWKHYDOXHRIWKHDQRPDORXVYHFWRUTo do so, as usually assumed for 
oceanic crust generated at mid oceanic spreading centers, we consider that a 2D source layer draped 
on the bathymetry with successive polarity inversions is responsible for the observed magnetic 
DQRPDOLHV7KHPDJQHWL]DWLRQYHFWRURULHQWDWLRQLVFKRVHQWREHFRQVWDQWDQGKRPRJHQHRXVDORQJ
WKHOD\HUHTXDWLRQVDQGDQGLWVRULHQWDWLRQFROOLQHDUWRWKH(DUWK¶VPDJQHWLF¿HOG'DPSQH\
VKRZHGWKDW WKHGLVWDQFHEHWZHHQWKHVXUIDFHZKHUH WKH¿HOG LVPHDVXUHGDQGWKH ORFDWLRQ
of the equivalent layer should satisfy a lower and upper bounds for avoiding respectively aliasing 
HIIHFWLQWKHFRPSXWHG¿HOGDQGLOOFRQGLWLRQHGPDWUL[$HTXDWLRQ,QRXUFDVHEHFDXVHWKHGDWD
VSDFLQJaPLVFOHDUO\LQIHULRUWRWKHDOWLWXGHRIWKH72%,IURPWKHVHDÀRRUWKHXSSHUERXQGFDQ
EHFRQVWUDLQHGE\WKHWRSRIWKHVHDÀRRUUDWKHUWKDQWKHDOLDVLQJIUHTXHQF\2QWKHRWKHUKDQGDQ
HTXLYDOHQWVRXUFHORFDWHGWRRIDUEHORZWKHPHDVXUHPHQWVXUIDFHPDNHVWKHPDWUL[;LOOGH¿QHGDQG
WKHDVVRFLDWHGVROXWLRQXQUHOLDEOH'DPSQH\,QPDULQHJHRSK\VLFVWKHVRXUFHVUHVSRQVLEOHIRU
the magnetic anomalies are supposed to be located in the upper part of the oceanic crust and within 
DOD\HURIFRQVWDQW WKLFNQHVV7KHUHIRUH WKH ORZHUERXQGLHGHSWKZKHUHWKHPDWUL[;EHFRPHV
LOOGH¿QHGSURYLGHVD¿UVWJXHVVRQWKHPD[LPXPGHSWKRIWKH³WUXH´FDXVDWLYHVRXUFHV7KLVFDQ
be empirically estimated by iteratively increasing the depth of the source until both losses of high 
IUHTXHQFLHVFRQWHQWLQWKHFRPSXWHG¿HOGDQG¿UVWDSSHDUDQFHRIRVFLOODWLRQVLQWKHPDJQHWL]DWLRQ
solution. 
3.2. APPLICATION
:HXVHWKHVDPHGDWDVHWDFTXLUHGRQWKH6RXWKZHVW,QGLDQ5LGJHDW()LJXUHVKRZVWKH
UHVXOWVIURPWKHHTXLYDOHQWOD\HUWHFKQLTXHDSSOLHGRQWKHVDPHGHHSWRZPDJQHWLFSUR¿OHWKDWZDV
SUHVHQWHGLQ)LJXUH)LJXUHFVKRZVWKHGLIIHUHQFHEHWZHHQPHDVXUHG¿HOGDORQJWKH72%,SDWK
DQG WKDWFDOFXODWHGIURPWKHFKRVHQHTXLYDOHQWVRXUFHVZKLOH)LJXUHGVKRZV WKHPDJQHWL]DWLRQ
intensity of this equivalent layer. Assuming that a homogeneous 500 m layer accounts for the observed 
PDJQHWLFDQRPDOLHVDFODVVLFDOPRGHOIRUPDULQHPDJQHWLFDQRPDO\LQIHUUHGPDJQHWL]DWLRQYDOXHV
HTXDWLRQZHUHGLYLGHGE\WKHGLSROHVSDFLQJDQGOD\HUWKLFNQHVVYDOXHVLQRUGHUWREHH[SUHVVHG
LQXQLWVRIDPSHUHSHUPHWHU7KHDLPZDVWR¿QGWKHEHVWFRPELQDWLRQRIWKHPLQLPL]HGGLIIHUHQFH
EHWZHHQPHDVXUHGDQGFDOFXODWHG¿HOGDQGDVWDEOHPDJQHWL]HGGLVWULEXWLRQRIWKHOD\HUE\YDU\LQJ
the depth and spacing of the equivalent dipoles7KHZKROHIUHTXHQF\FRQWHQWRIWKHPHDVXUHG¿OHG
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ZDVUHWULHYHG )LJXUHD IRUGLSROHVVSDFHGPDSDUWDQGPEHORZ WKHVHDÀRRUZKHUHDV
VROXWLRQEHFDPHXQUHOLDEOHIRUGHHSHVWVRXUFHV7KHPHDQYDOXHRIWKHUHVLGXDO)LJXUHFZDVnT 
and its standard deviation 25 nT. Only a few high frequency magnetic anomalies, related to the very 
FORVHSUR[LPLW\EHWZHHQWKHWRZLQVWUXPHQWDQGWKHRFHDQÀRRU)LJXUHHZHUHQRWH[SODLQHGE\
the equivalent layer. 
The validity of the method was tested through a comparison with classical inversions 
+XVVHQRHGHUHWDOXVLQJ WKHVDPHGDWDVSDFLQJ OD\HU WKLFNQHVVDQGZLWKQRGDWD¿OWHULQJ
EODFNGDVKHGFXUYH)LJXUHG%RWKPHWKRGVSURYLGHGVLPLODUUHVXOWVEXWWKHHTXLYDOHQWVRXUFH
technique presented here only requires one linear inversion to be computed (equation 22) with no 
recourse to DQHTXLYDOHQWVRXUFHJHRPHWU\+XVVHQRHGHUHWDO3LONLQJWRQDQG8UTXKDUW
RUWRDIUHTXHQF\GRPDLQUHGXFWLRQ*XVSL+XVVHQRHGHUHWDOTherefore, within the 
DVVXPSWLRQVPDGHDERYHWKHHTXLYDOHQWOD\HUDOORZVXVWRGUDZFRQFOXVLRQVDERXWWKHPDJQHWL]DWLRQ
LQWHQVLW\RIWKHRFHDQLFFUXVWDVZHOODVD¿UVWJXHVVUHJDUGLQJWKHGHSWKRIWKHPDJQHWLFVRXUFHV$V
VKRZQLQ)LJXUHHWKHPDJQHWL]DWLRQRIWKHOD\HULVDOVRD¿UVWRUGHUDLGFRQVWUDLQLQJWKHVSUHDGLQJ
rate and the location of the magnetic polarity boundaries. The magnetic block corresponding to chron 
&LVFOHDUO\LGHQWL¿DEOHRQWKHPDJQHWL]DWLRQSUR¿OHDOWKRXJKLWLVPRUHGLI¿FXOWWRUHFRJQL]HROGHU
blocks. This may result from contamination between small adjacent magnetic polarity blocks due to 
WKHXOWUDVORZVSUHDGLQJUDWHLQWKLVSDUWRIWKH6:,5
Moreover, RQFHWKHHTXLYDOHQWOD\HULVFRPSXWHGWKHV\QWKHWL]HG¿HOGFDQEHHDVLO\FDOFXODWHG
DWDQ\DOWLWXGHLHUHFDOFXODWLRQRIWKHDQRPDORXV¿HOGIURPWKHLQIHUUHGHTXLYDOHQWVRXUFHXVLQJWKH
DSSURSULDWHGHSWKLQHTXDWLRQ7KLVLVZHOOLOOXVWUDWHGRQ)LJXUHEZKHUHWKHVHDVXUIDFHSURWRQ
PDJQHWRPHWHUSUR¿OHLVFRPSDUHGZLWKWKHGHHSWRZXSZDUGFRQWLQXHGSUR¿OH7KHJRRGFRUUHODWLRQ
EHWZHHQWKHWZRFXUYHVYDOLGDWHVWKHHIIHFWLYHQHVVRIWKHVFDODUFDOLEUDWLRQSURFHGXUH+RZHYHUWKH
FDOFXODWHGSUR¿OHVKRZVDKLJKHUDPSOLWXGHWKDQWKHPHDVXUHGSUR¿OH7KHPD[LPXPRIIVHWaQ7
EHWZHHQWKHWZRFXUYHVLVREWDLQHGIRUWKHFHQWUDODQRPDO\7ZRH[SODQDWLRQVPD\DFFRXQWIRUWKLV
GLIIHUHQFHDVWKHSUHVHQFHRIIUHVKDQGKLJKO\PDJQHWL]HGEDVDOWVDWWKHULGJHD[LV,QGHHGLWKDVEHHQ
VXJJHVWHGWKDWWKHPDJQHWL]DWLRQRIWKHRFHDQLFFUXVWGHFUHDVHVUDSLGO\ZLWKUHVSHFWWRWKHGLVWDQFH
IURPWKHYROFDQLFULGJHLHGHJUHHRIURFNDOWHUDWLRQ*HHDQG.HQW7KHGHHSWRZHGPDJQHWLF
GDWDPD\KDYHWKXVEHHQPRUHVHQVLWLYHWRWKLVKLJKDQGVXSHU¿FLDOPDJQHWL]DWLRQRIWKHULGJHD[LV
WKDQ WKH VHDVXUIDFHPDJQHWRPHWHU$OWHUQDWLYHO\ D QRQSHUIHFW WZRGLPHQVLRQDO JHRPHWU\ RI WKH
magnetic sources could be responsible for this data offset. More investigations have to be done to 
constrain these points. 
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Figure 5 :1RUWKVRXWKOLQHDFTXLUHGDW(RQ6RXWKZHVW,QGLDQULGJHDWKHPHDVXUHG¿HOGLVFRPSDUHGWRWKH¿HOG
FDOFXODWHGDORQJWKH72%,SDWKIRUWKHLQIHUUHGHTXLYDOHQWVRXUFHVE7KHVHDOHYHOXSZDUGFRQWLQXHGDQRPDORXV¿HOG
UHGLVFRPSDUHGWRWKH¿HOGPHDVXUHGE\WKHVHDVXUIDFHSURWRQPDJQHWRPHWHUEOXHFGLIIHUHQFHEHWZHHQPHDVXUHG
DQGFDOFXODWHG¿HOGVRISDQHODDORQJWKH72%,SDWK7KHPHDQYDOXHRIWKLVUHVLGXDOZDVQ7DQGLWVVWDQGDUGGHYLDWLRQ
Q7GWKHPDJQHWL]DWLRQRIWKHHTXLYDOHQWOD\HUUHGFXUYHLVFRPSDUHGZLWKWKHRQHREWDLQE\GLUHFWLQYHUVLRQIURP
+XVVHQRHGHUHWDOEODFNGRWWHGOLQHHWKHPDJQHWLFUHYHUVDOSDWWHUQLVEDVHGRQDNPP\FRQVWDQWVSUHDGLQJ
UDWHDQG LVVXSHULPSRVHGRQ WKHVHDERWWRPEDWK\PHWU\7KHUHGGRWV LQGLFDWH WKH ORFDWLRQVRI WKHHTXLYDOHQWVRXUFHV
PEHORZWKHVHDÀRRUDQGWKHJUHHQFXUYHLQGLFDWHWKHXQHYHQ72%,WUDFN
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3.3. MAGNETIC VECTOR
The combination of the scalar calibration and the equivalent source technique is a powerful 
WRRO IRUSURYLGLQJDYDOXDEOHPRGHORIPDJQHWL]DWLRQ LQWHQVLW\RI WKHRFHDQLFFUXVW1HYHUWKHOHVV
ERWKFDOLEUDWLRQDQGHTXLYDOHQWOD\HUPHWKRGVKDYHWZRPDLQOLPLWDWLRQVWKHFDOLEUDWLRQSURYLGHV
RQO\WKHFRUUHFWHGLQWHQVLW\RIWKHPDJQHWLF¿HOGDQGQRWWKHFRUUHFWHGFRPSRQHQWVWKHHTXLYDOHQW
layer assumes a 2D geometry of the magnetic sources and does not allow conclusions about local 
crustal heterogeneities. Thus, the main remaining question concerns what information may have 
been included in the measured components and what may have been lost due to both the calibration 
SURFHGXUHDQGWKH'DVVXPSWLRQV,QRUGHUWRTXDQWLI\WKLVHUURUZHGHFLGHGWRFRPSDUHWKHPHDVXUHG
FRPSRQHQWV REWDLQHGE\YHFWRU FDOLEUDWLRQ ,VH]DNL .RUHQDJD ZLWK WKH FRPSRQHQWV
FDOFXODWHGIURPWKHHTXLYDOHQWOD\HU)LJXUHVKRZVWKHFRPSDULVRQRIWKHFDOFXODWHGDQGPHDVXUHG
FRPSRQHQWVIRUWKHPDJQHWLFSUR¿OHDFTXLUHGDFURVVWKH6RXWKZHVW,QGLDQ5LGJHDW(7KHQRLVH
RQWKHPHDVXUHGYHUWLFDOLVWKHORZHVWRIWKHWKUHHFRPSRQHQWV)LJXUHD7KLVLVZHOOH[SODLQHGE\
WKHRULHQWDWLRQRIWKHPDJQHWLF¿HOGLQWKLVDUHDGHFOLQDWLRQaLQFOLQDWLRQa,QGHHGGXH
to signal to noise ratio, as the vector calibration uses the components to resolve the magnetic effect 
of the vehicle, the best resolution is obtained for the strongest geomagnetic component (i.e., the 
YHUWLFDOFRPSRQHQWZLWKXSWRaQ7LQWKLVDUHDZKHUHDVWKHORZHVWUHVROXWLRQLVREWDLQHGIRU
WKHZHDNHVWFRPSRQHQWVLH1RUWKDQG(DVWZLWKUHVSHFWLYHO\aQ7DQGaQ7
$JRRG¿WEHWZHHQFDOFXODWHGDQGPHDVXUHGGDWDLVREVHUYHGIRUWKHYHUWLFDOFRPSRQHQWZKHUH
WKHRYHUDOOPHDVXUHGPDJQHWLFDQRPDOLHVDUHSUHVHQWLQWKHV\QWKHVL]HGVLJQDO,QFRQWUDVWWKHUHLV
DSRRU¿WEHWZHHQWKHFDOFXODWHGDQGWKHPHDVXUHGQRUWKFRPSRQHQWV7KLVLVZHOOH[SODLQHGE\WKH
LQDFFXUDF\RIWKHYHFWRUFDOLEUDWLRQSURFHGXUHFRPELQHGZLWKWKHODUJH¿HOGLQFOLQDWLRQ(:VWULNH
RIWKHULGJHD[LVDQGYHKLFOHPRWLRQPDLQO\UHSUHVHQWHGE\SLWFKPDNLQJWKHQRUWKFRPSRQHQWWKH
PRVWDIIHFWHGE\WKHWRZ¿VKPRYHPHQW7KLVLVZHOOLOOXVWUDWHGLQ)LJXUHEZKHUHDFOHDUFRUUHODWLRQ
EHWZHHQSLWFKDQGQRUWKPHDVXUHGFRPSRQHQWLVREVHUYHG1RWHDOVRWKDWGHVSLWHXSWRQ7RI
QRLVHLQWKHHDVWPHDVXUHGFRPSRQHQWWKHDSSDUHQWDEVHQFHRIPDJQHWLFDQRPDOLHVVHHPVWRFRQ¿UP
WKH(DVW:HVWVWULNHRIWKHPDJQHWLFERXQGDULHV
)LJXUH  VKRZV WKDW WKH DFFXUDF\ RI WKH YHFWRUFDOLEUDWHG FRPSRQHQWV LV QRPRUH YDOXDEOH
WKDQ WKHFRPSRQHQWVFRPSXWHG IURP WKHVFDODUFDOLEUDWHG WRWDO¿HOGDQRPDO\:HFRQFOXGH WKDWD
ZHOOFDOLEUDWHGPHDVXUHPHQWRIWKHWRWDOLQWHQVLW\RIWKHPDJQHWLF¿HOGDVZHOODVD'DVVXPSWLRQ
UHJDUGLQJWKHJHRPHWU\RI WKHVRXUFHV LVVXI¿FLHQW WRSURYLGHYLDDQHTXLYDOHQWVRXUFHPHWKRGD
model that is valuable to carry out upward continuation of the anomalous magnetic vector as well as 
WRSURYLGHWKHGHSWKDQGPDJQHWL]DWLRQLQWHQVLW\RIWKHPDJQHWLFVRXUFHVZLWKLQWKHRFHDQLFFUXVW
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CHAPITRE 1: MÉTHODES
Figure 6 :1RUWKVRXWK OLQHDFTXLUHGDW(DFURVV WKH6RXWKZHVW ,QGLDQ5LGJHD&RPSDULVRQEHWZHHQFDOFXODWHG
DQGPHDVXUHGDQRPDORXVYHFWRU&DOFXODWHGFRPSRQHQWVDUHREWDLQHGXVLQJWKHVDPHHTXLYDOHQWVRXUFHVDV)LJXUHDQG
PHDVXUHGFRPSRQHQWVDUHFRUUHFWHGXVLQJDYHFWRUFDOLEUDWLRQESLWFKRIWKHYHKLFOHGXULQJWKHVXUYH\FVDPHDV)LJXUH
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4. CONCLUSION
:H KDYH SUHVHQWHG DQ DQDO\VLV RI WKH PDLQ SUREOHPV HQFRXQWHUHG XVLQJ GHHSWRZ WKUHH
FRPSRQHQWPDJQHWRPHWHUV:HVKRZWKDWWKHVHPDJQHWRPHWHUVDUHDIIHFWHGE\WKUHHW\SHVRILQWULQVLF
HUURUVRIIVHWVHQVLWLYLW\DQGRUWKRJRQDOLW\PDLQO\GXHWRPDQXIDFWXULQJDQGWHFKQLFDOGLI¿FXOWLHVLQ
WKHRULHQWDWLRQVRIWKHWKUHHVHQVRUV:HDOVRGHPRQVWUDWHWKDWYHFWRUPDJQHWRPHWU\UHTXLUHVDYHU\
good knowledge of the spatial orientation of the three sensors in order to reconstruct the geographic 
FRPSRQHQWV'XHWRWHFKQLFDOGLI¿FXOWLHVDQGJ\URVFRSHV¶LQDFFXUDF\VXFKDFRQGLWLRQLVSUDFWLFDOO\
QHYHUVDWLV¿HG7KHUHIRUHZHSURSRVHDQHZFDOLEUDWLRQDSSURDFK:HVKRZWKDWWKLVPHWKRGDOORZV
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one to correct the magnetic data for errors arising  from the intrinsic parameters of the magnetometer 
DVZHOODVIURPWKHPDJQHWLFHIIHFWVRIWKHVWUXFWXUHRIWKHEHDULQJYHKLFOH:HDOVRGHPRQVWUDWHWKDW
in contrast to vector calibration, this method does not require the vehicle’s attitude and thus eliminates 
most of the instrumental noise related to the low accuracy of gyroscopes and inclinometers. The 
HVWLPDWLRQRIWKHYHKLFOHPDJQHWLFLQWHUIHUHQFHLVWKHQVLJQL¿FDQWO\LPSURYHGDQGWKHFRUUHFWHGVLJQDO
VHHPVWREHRQO\DIIHFWHGE\WKHQRLVHJHQHUDWHGE\WKHPDJQHWRPHWHUDQGLWVDQDORJGLJLWDOFRQYHUWHU
providing an accuracy of a few nanoteslas. 
$VRQO\WKHWRWDO¿HOGDQRPDO\LVVXLWDEOHIRUVFDODUFDOLEUDWLRQZHGHYHORSHGDPHWKRGEDVHG
RQ WKH HTXLYDOHQW OD\HU WHFKQLTXH LQ RUGHU WR FRPSXWH WKHYHFWRU FRPSRQHQWV:H VKRZ WKDW WKLV
PHWKRGEDVHGRQDWRSRJUDSKLFHTXLYDOHQWOD\HULVVXI¿FLHQWWRFDUU\RXWYHUWLFDOFRQWLQXDWLRQRIWKH
WRWDO¿HOGDVZHOODVLWVDVVRFLDWHGYHFWRUDQGDOVRWRSURYLGHD¿UVWRUGHUPDJQHWL]DWLRQRIWKHRFHDQLF
FUXVWDQGHVWLPDWLRQRIWKHGHSWKRIWKHVRXUFHV:HFRPSDUHWKHPHDVXUHGFRPSRQHQWVREWDLQHGE\
a vector calibration and the computed components from the inferred equivalent layer and show that 
WKHFRPSXWHGYHFWRUSUHVHUYHGDOOWKHLQIRUPDWLRQUHFRUGHGE\WKHWRZLQVWUXPHQW7KLVPHDQVWKDW
WKURXJKDWZRGLPHQVLRQDODVVXPSWLRQUHJDUGLQJWKHJHRPHWU\RIWKHHTXLYDOHQWOD\HULWLVSRVVLEOH
WRSUHGLFWWKHPDULQHPDJQHWLFYHFWRUDQRPDOLHVIURPWKHPHDVXUHGWRWDO¿HOG
CHAPITRE 2: LE SIGNAL MAGNÉTIQUE ASSOCIÉ AUX 
DOMAINES DE MANTEAU EXHUMÉ DE LA DORSALE 
SUD-OUEST INDIENNE.
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CHAPITRE 2: LA DORSALE SUD-OUEST INDIENNE
/DGRUVDOH6XG2XHVW,QGLHQQHHVWFDUDFWpULVWLTXHG¶XQHGRUVDOHGHW\SHXOWUDOHQWHFDUOHVplaques tectoniques s’y séparent à une vitesse d’environ 14 km par million d’années. A 
cet endroit du globe, le mode d’accrétion océanique diffère du schéma conventionnel car il se produit 
GH IDoRQPDJPDWLTXHPDLV DXVVL DPDJPDWLTXH FRPPH HQ WpPRLJQH OHV ODUJH ]RQHV UpFHPPHQW
GpFRXYHUWHVIRUPpHVTXDVLH[FOXVLYHPHQWGHURFKHVPDQWHOOLTXHVH[KXPpHV
'DQVFHGHX[LqPHFKDSLWUHQRXVpWXGLRQVOHVGRQQpHVDFTXLVHVORUVGHODFDPSDJQHHQPHU
0'³6PRRWKHDÀRRU´ 2FWREUH j OD WHUPLQDLVRQ(VWGH ODGRUVDOH6XG2XHVW ,QGLHQQH
1RXVPHWWRQVHQSDUDOOqOH OHVGRQQpHVPDJQpWLTXHVKDXWH UpVROXWLRQDFTXLVHVSURFKHGXIRQG OHV
LQWHUSUpWDWLRQVJpRORJLTXHVGHVLPDJHVVRQDUSURSRVpHVSDU6DXWHUHWDO) ainsi que les résultats 
SpWURORJLTXHV GHV GUDJDJHV1RXVPRQWURQV TXH OHV IRUWHV YDULDELOLWpV G¶DLPDQWDWLRQPHVXUpHV HQ
ODERUDWRLUHVXUOHVpFKDQWLOORQVGUDJXpVVHUHWURXYHQWjO¶pFKHOOHGHV]RQHVGHPDQWHDXH[KXPpOH
ORQJGHVSUR¿OVG¶DQRPDOLHDFTXLVSURFKHGXIRQG(QHIIHWOHVLJQDOPDJQpWLTXHDVVRFLpjODSUpVHQFH
GH URFKHVPDQWHOOLTXHV H[KXPpHV DSSDUDLW SOXV IDLEOH HW KpWpURJqQHTXH FHOXL GHV URFKHVGH W\SH
EDVDOWLTXH1RXVPRQWURQVpJDOHPHQWYLDXQHPRGpOLVDWLRQGLUHFWHGHVSUR¿OVG¶DQRPDOLHPDJQpWLTXH
TXHQLXQHDLPDQWDWLRQLQGXLWHQLXQPRGqOHG¶DFFUpWLRQRFpDQLTXHQHSHUPHWWHQWG¶H[SOLTXHUOHVLJQDO
PDJQpWLTXHDVVRFLpjO¶H[KXPDWLRQGHVURFKHVPDQWHOOLTXHV)LQDOHPHQWO¶DEVHQFHG¶DQRPDOLHD[LDOH
et l’hétérogénéité magnétique du signal à une échelle de quelques kilomètres nous permet de conclure 
TXHO¶DLPDQWDWLRQUpPDQHQWHGHVSpULGRWLWHVVHUSHQWLQLVpHVQ¶HVWSDVVXI¿VDPPHQWVWDEOHSRXUTXH
FHOOHVFLSXLVVHQWSRUWHUGHVDQRPDOLHVPDJQpWLTXHVG¶DFFUétion océanique. 
/HWH[WHSUpVHQWpGDQVFHFKDSLWUHIDLWO¶REMHWG¶XQDUWLFOHjVRXPHWWUHjODUHYXH³*HRFKHPLVWU\
*HRSK\VLFV*HRV\VWHPV´*3RX³6ROLG(DUWK´6(HWIDLWVXLWHj ODSXEOLFDWLRQGH6DXWHUHWDO

6DXWHU'&DQQDW05RXPHMRQ6$QGUHDQL0%LURW'%URQQHU$%UXQHOOL'&DUOXW-
'HODFRXU$*X\DGHU90DF/HRG&-0DQDWVFKDO*0HQGHO90HQH]%3DVLQL
95XHOODQ(DQG6HDUOH5&RQWLQXRXVH[KXPDWLRQRIPDQWOHGHULYHGURFNVDWWKH
6RXWKZHVW,QGLDQ5LGJHIRUPLOOLRQ\HDUV1DWXUH*HRVFLHQFH
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CHAPITRE 2: LA DORSALE SUD-OUEST INDIENNE
Magnetic signature of large exhumed mantle domains of the Southwest Indian 
5LGJHUHVXOWVIURPDGHHSWRZJHRSK\VLFDOVXUYH\RYHUWR0DROGVHDÀRRU
Adrien Bronner1, Daniel Sauter1, Marc Munschy1, Julie Carlut2, Roger Searle3, Mathilde 
Cannat2, Gianreto Manatschal1
1 Institut de Physique du Globe de Strasbourg, IPGS, Strasbourg 
2 Institut de Physique du Globe de Paris, IPGP, Paris
3 Durham University, Durham, United Kingdom
ABSTRACT
We investigate the magnetic signature of an ultrama<c sea>oor along the eastern part of 
the Southwest Indian Ridge (SWIR) where large areas of exhumed mantle formed by succes-
sive detachment faulting are observed. ;ey occur in the form of broad ridges associated with 
smooth, rounded non-volcanic topography and have been suggested to be formed by 11 Myr of 
continuous exhumation faulting. We present high-resolution data combining deep-tow magne-
tics, side-scan images and results from dredged samples collected within two exhumed mantle 
domains. We show that, despite an ultraslow spreading rate, areas where the volcanic upper part 
of the oceanic crust is clearly established are characterized by well de<ned sea>oor spreading 
anomalies. However, the exhumed mantle domains where only a few thin volcanic patches are 
occasionally observed reveal a weak and highly variable magnetic pattern that neither a sprea-
ding model nor an induced magnetization can plainly explain. ;e analysis of the magnetic 
proprieties of the dredged samples and careful comparison between the nature of the sea>oor, 
the deep-tow magnetic anomalies and the sea>oor magnetization suggest that the serpentinized 
peridotites do not carry a su]ciently stable remanent magnetization to produce sea>oor sprea-
ding magnetic anomalies in exhumed mantle domains.
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1. INTRODUCTION
7KH HDVWHUQ SDUW RI WKH XOWUDVORZVSUHDGLQJ 6RXWKZHVW ,QGLDQ 5LGJH 6:,5 LV DPRQJ WKH
GHHSHVWPLGRFHDQLFULGJHVDQGUHSUHVHQWVDPHOWSRRUHQGPHPEHUIRUWKLVV\VWHP&DQQDWHWDO
&DQQDWHWDO ,Q WKLV UHJLRQFUXVWDODFFUHWLRQGLIIHUV IURP WKHFRQYHQWLRQDOVHDÀRRU
VSUHDGLQJ VFKHPHDV LW RFFXUV DW DERXW DPPD IXOO VSUHDGLQJ UDWH 3DWULDW HW DO  LQ WKH
IRUPRIPDJPDWLFEXWDOVRQRQPDJPDWLFSURFHVVHV&DQQDWHWDO,QWKHSDVWWZRGHFDGHV
QXPHURXVSDSHUVKDYHUHYHDOHGWKHSUHVHQFHRIH[KXPHGPDQWOHGHULYHGURFNVLQWKHRFHDQLFGRPDLQ
.DUVRQHWDO&DQQDWHWDO&DQQDWHWDOEXWPHFKDQLVPVOHDGLQJWRWKHIRUPDWLRQ
RIVXFKDSHFXOLDUVHDÀRRUUHPDLQSRRUO\XQGHUVWRRG$OWKRXJKLWKDVEHHQSURSRVHGWKDWORQJOLYHG
GHWDFKPHQWIDXOWVFRXOGRIWHQDFFRPPRGDWHWR%XFNHWDORIWKHSODWHVHSDUDWLRQ
RYHUa0\UWKHHDVWHUQSDUWRIWKH6:,5LVFXUUHQWO\WKHRQO\NQRZQRFHDQLFDUHDZKHUHFRQWLQXRXV
PDQWOH H[KXPDWLRQ RYHU  0\U KDV EHHQ REVHUYHG 6DXWHU HW DO  'HWDFKPHQW IDXOWLQJ
associated with no or very little volcanic activity seems to be the only process producing the oceanic 
OLWKRVSKHUH7KHUHVXOWLQJVHDÀRRUFDOOHG³VPRRWKVHDÀRRU´&DQQDWHWDOLVWKRXJKWWREH
IRUPHGE\DOWHUQDWLQJ³ÀLSÀRS´H[KXPDWLRQIDXOWLQJ6DXWHUHWDODPHFKDQLVPWKDWKDVDOVR
EHHQSURSRVHGWRH[SODLQWKHIRUPDWLRQRIWKH³]RQHRIH[KXPHGFRQWLQHQWDOPDQWOH´5HVWRQDQG
0F'HUPRWWREVHUYHGDORQJWKHRFHDQFRQWLQHQWWUDQVLWLRQ2&7LQWKH:HVWHUQ,EHULDPDUJLQ
,QWKLVSDSHUZHLQYHVWLJDWH WKHPDJQHWLFVLJQDORYHU ODUJHH[KXPHGPDQWOHGRPDLQVLQ WKH
HDVWHUQPRVWSDUWRIWKH6:,5:HSUHVHQWUHVXOWVIURPDGHHSWRZJHRORJLFDOJHRSK\VLFDOVXUYH\RYHU
two areas between 62 and 65(FRPELQLQJPDJQHWLFGDWDJHRORJLFDOPDSSLQJIURPsidescan sonar 
LPDJHVIURP6DXWHUHWDOVHHDSSHQGL[DQGGUHGJHVDPSOLQJ:HH[DPLQHWKHPDJQHWLF
VLJQDWXUHRYHUDWR0DROGVPRRWKVHDÀRRU7KHDLPLVWREHWWHUXQGHUVWDQGWKHFRPSOH[LW\RI
WKHPDULQHPDJQHWLFDQRPDOLHVREVHUYHGDERYHWKHVHUSHQWLQL]HGPDQWOHURFNVH[KXPHGDWERWKPLG
RFHDQLFULGJHV6DXWHUHWDODQG2&7VRIPDJPDSRRUULIWHGPDUJLQV5XVVHOODQG:KLWPDUVK
6LEXHWHWDO%URQQHUHWDO
2. GEOLOGICAL BACKGROUND
$VLJQL¿FDQWFKDQJHLQWKH6:,5¶VSODWHPRWLRQRFFXUHGEHWZHHQDQRPDO\&DQG&a0D
DJRUHVXOWLQJLQDGHFUHDVHLQIXOOVSUHDGLQJUDWHIURPVORZPPDWRXOWUDVORZPPD
3DWULDWHWDO7KLVXOWUDVORZVSUHDGLQJUDWHYDULHVRQO\VOLJKWO\DORQJWKH NPULGJHD[LV
+RZHYHUFRPSLODWLRQVRIJHRSK\VLFDODQGJHRFKHPLFDOGDWDDORQJ WKH6:,5UHYHDOD ODUJHVFDOH
YDULDWLRQRIWKHGHQVLW\DQGWKHUPDOVWUXFWXUHRIWKHD[LDOUHJLRQHJ&DQQDWHWDO*HRUJHQ
et al., 2001; Cannat et al., 2008). Unusually cold mantle temperatures and relatively thin crust at the 
HDVWHUQ6:,5LQSDUWLFXODUHDVWRIWKH0HOYLOOHWUDQVIRUPIDXOW¶(DUHVXSSRUWHGE\HYLGHQFH
RQD[LV&DQQDWHWDODVZHOODVRIID[LV6DXWHUHWDO$QHDVWZDUGGHFUHDVLQJFUXVWDO
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WKLFNQHVVDQGRUPDQWOHWHPSHUDWXUHLVLQIHUUHGIURPJUDYLW\GDWDDORQJWKH6:,5D[LV&DQQDWHWDO
,WLVIXUWKHUVXSSRUWHGE\JHRFKHPLFDOSUR[LHVIRUWKHGHJUHHRISDUWLDOPHOWLQJLQWKHPDQWOH
HJDYHUDJHRIWKHFRPSRVLWLRQRIWKHVRGLXPFRQWHQWRID[LDOEDVDOWVGHULYHGIURPWKHD[LDO]RQH
VXJJHVWLQJDSURJUHVVLYHHDVWZDUGGHFUHDVHRIWKHULGJHPHOWVXSSO\0H\]HQHWDO6H\OHUHW
DO&DQQDWHWDO7KLQFUXVWLQWKHHDVWHUQPRVWSDUWRIWKH6:,5NPDYHUDJHFUXVWDO
WKLFNQHVVLVDOVRFRQ¿UPHGE\VHLVPLFGDWD0LQVKXOOHWDO
7KHHDVWHUQPRVWSDUWRIWKH6:,5D[LDOYDOOH\GLVSOD\VDULGJHVHJPHQWDWLRQWKDWVLJQL¿FDQWO\
GLIIHUVIURPZKDWLVREVHUYHGDWIDVWHUVSUHDGLQJULGJHVVXFKDVWKH0LG$WODQWLF5LGJH0$5+LJK
UHOLHIULGJHVHJPHQWV!PKLJKDUHOLQNHGE\!NPORQJGHHSD[LDOVHFWLRQVZLWKDOPRVW
QRYROFDQLFDFWLYLW\6DXWHUHWDO7KHULGJHÀDQNVGLVSOD\WKHZLGHVWNQRZQDUHDVRIVHDÀRRU
ZLWKQRHYLGHQFHRIDYROFDQLFXSSHUFUXVWDO OD\HU&DQQDWHWDO7KLVQRQYROFDQLFRFHDQ
ÀRRUKDVQRHTXLYDOHQWDWIDVWHUVSUHDGLQJULGJHV&DQQDWHWDOFDOOHGWKLVVHDÀRRU³VPRRWK
VHDÀRRU´EHFDXVHLWRFFXUVLQWKHIRUPRIEURDGULGJHVZLWKDVPRRWKURXQGHGWRSRJUDSK\DQGODFNV
WKHWHOOWDOHKXPPRFN\PRUSKRORJLHVRIVXEPDULQHYROFDQLVP&DQQDWHWDO7KLVQRQYROFDQLF
VHDÀRRUDOVRODFNVWKHFRUUXJDWLRQVLGHQWL¿HGRQRFHDQLFFRUHFRPSOH[HVDWVORZVSUHDGLQJULGJHV$
IHZGUHGJHVLQWKHD[LDOYDOOH\IURPHDUOLHUFUXLVHVVXJJHVWHGWKDWWKHVPRRWKVHDÀRRULVDVVRFLDWHG
ZLWKRXWFURSVRIVHUSHQWLQL]HGPDQWOHGHULYHGSHULGRWLWHV&DQQDWHWDO2IID[LVGUHGJHVDQG
VLGHVFDQVRQDULPDJHU\FRQ¿UPHGWKDWWKLVVPRRWKVHDÀRRULVDOPRVWHQWLUHO\FRPSRVHGRIVHDZDWHU
DOWHUHGPDQWOHURFNVUHVXOWLQJLQVHUSHQWLQL]HGSHULGRWLWHVWKDWZHUHEURXJKWWRWKHVXUIDFHE\ODUJH
GHWDFKPHQWIDXOWVRQERWKVLGHVRIWKHULGJHD[LV6DXWHUHWDO7KHGHWDFKPHQWIDXOWVKDYH
UHSHDWHGO\ÀLSSHGSRODULW\DQGKDYHDFFRPPRGDWHGQHDUO\RIWKHSODWHGLYHUJHQFHIRUWKHODVW
10 Myr.
3. ACQUISITION AND PROCESSING OF MAGNETIC DATA
'DWD SUHVHQWHG LQ WKLV SDSHUZHUH FROOHFWHG GXULQJ590DULRQ'XIUHVQH FUXLVH0' LQ
2FWREHUXVLQJDN+]VLGHVFDQVRQDUDQGDWKUHHFRPSRQHQW&PDJQHWRPHWHUFDUULHGE\
WKH7RZHG2FHDQ%RWWRP,QVWUXPHQW72%,)OHZHOOHQHWDO7KHVXUYH\ZDVGLYLGHGLQWRWZR
FRUULGRUVDZHVWHUQFRUULGRUIURPWR(DQGDQHDVWHUQFRUULGRUIURPWR(6HYHQSUR¿OHV
ZHUHDFTXLUHGLQWKHZHVWHUQFRUULGRUDOODERYHH[KXPHGPDQWOHDQGIRXUSUR¿OHVZHUHDFTXLUHGLQ
WKHHDVWHUQFRUULGRURQHDERYHYROFDQLFVHDÀRRUDQGWKUHHDERYHH[KXPHGPDQWOHURFNV)LJXUH
72%,ZDVRSHUDWHGDWDOWLWXGHVRIPDERYHWKHVHDÀRRUDWDWRZVSHHGRIDERXWNQRWV
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Figure 1 :/RFDWLRQRIWKHWZRVXUYH\DUHDV0DJQHWLFDQRPDO\SLFNVDUHIURP6DXWHUHWDO7KHQDWXUHRIWKH
VHDÀRRUZDVGHGXFHGHLWKHUIURPWKHVLGHVFDQLPDJHVZKHQDYDLODEOHDV6DXWHUHWDOSURSRVHVHHDSSHQGL[RU
from the multibeam bathymetric data (as Cannat et al. (2006) propose). The dredges numbers and the proportion of rocks 
E\ZHLJKWUHSUHVHQWHGE\SLHFKDUWVDUHIURP6DXWHUHWDO:HKDYHRQO\UHSUHVHQWHGWKHGUHGJHVIRUZKLFKZH
KDYHPHDVXUHGWKHPDJQHWLFSURSHUWLHVVHHWDEOHDQG)LJXUHDQG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7KHWKUHHFRPSRQHQWPDJQHWLFGDWDZHUHFRUUHFWHGIRUWKHPDJQHWL]DWLRQRIWKH72%,YHKLFOH
XVLQJDVFDODUFDOLEUDWLRQSURFHGXUH%URQQHUHWDO7KHPDJQHWLFHIIHFWRIWKHYHKLFOHZDV
UHPRYHGZLWKQRUHFRXUVHWRLWVDWWLWXGHSLWFKUROORUKHDGLQJDVLWLVFRPPRQO\GRQH,VH]DNL
.RUHQDJDEXWRQO\XVLQJWKHRXWSXWRIWKHPDJQHWRPHWHUDQGDPRGHORIWKHVFDODULQWHQVLW\
RIWKHJHRPDJQHWLF¿HOGHJ,*5)&DOLEUDWLRQSDUDPHWHUVZHUHWKXVIUHHIURPRULHQWDWLRQELDVLH
UHGXFHGLQQXPEHUIURPWRPRUHRYHUWKHHVWLPDWLRQRIERWKLQVWUXPHQWDOPLVFDOLEUDWLRQDQG
UHPRYDORI WKHYHKLFOHHIIHFWZHUHSHUIRUPHGVLPXOWDQHRXVO\,QRUGHU WRFRQVWUDLQWKHFDOLEUDWLRQ
SDUDPHWHUVDVPXFKDVSRVVLEOHWKHJHRPDJQHWLF¿HOGZDVUHFRUGHGLQD° calibration loop in a 
UHJLRQRIWKH6:,5ZKHUHWKH¿HOGZDVH[SHFWHGWREHFRQVWDQWDQGZLWKWKHPRVWYDULDEOHSRVVLEOH
DWWLWXGHRIWKHYHKLFOH,QGHHGEHWWHUUHVXOWVZRXOGKDYHEHHQH[SHFWHGXVLQJWKHRXWSXWRIWKHSURWRQ
VHDVXUIDFHPDJQHWRPHWHUDVDUHIHUHQFHGXULQJWKHWXUQEXWGXHWRPDQHXYHUDELOLW\LVVXHVLWZDVQRW
SRVVLEOHWRKDYHERWKSURWRQDQG72%,PDJQHWRPHWHUVLQWKHZDWHU9DULDWLRQVRISLWFKDQGUROOZHUH
obtained by successively hauling in and paying out the wire. The magnetic signal of the vehicle was 
found to be about 3500 nT and reduced to less than 10 nT after calibration. Magnetic data presented 
LQWKLVSDSHUZHUHRQO\FRUUHFWHGYLDWKHVHFDOLEUDWLRQSDUDPHWHUVQR¿OWHULQJZDVDSSOLHGDQGWKH
YDOLGLW\RIWKHSURFHVVLQJZDVFRQ¿UPHGWKURXJKDFRPSDULVRQEHWZHHQXSZDUGFRQWLQXHGGDWDDQG
GDWDIURPDVHDVXUIDFHSURWRQPDJQHWRPHWHU%URQQHUHWDO
As magnetic data were acquired along uneven altitudes, we used an equivalent source approach 
'DPSQH\WRLQYHUWWKHPDJQHWLFSUR¿OHVDQGWRSHUIRUPDQXSZDUGFRQWLQXDWLRQWRDFRQVWDQW
REVHUYDWLRQOHYHO:HDVVXPHWKDWWKHPHDVXUHGPDJQHWLFDQRPDOLHVDUHGXHWRXQLIRUPO\PDJQHWL]HG
GLSROHV WKDW H[WHQG LQ¿QLWHO\ SHUSHQGLFXODU WR WKH VSUHDGLQJ DQG SUR¿OH GLUHFWLRQ 7KH VRFDOOHG
³HTXLYDOHQWOD\HU´LVGUDSHGRQWKHEDWK\PHWU\PEHORZWKHVHDÀRRUDQGPDJQHWL]DWLRQGLUHFWLRQV
DUHDVVXPHGWREHSDUDOOHOWRWKH(DUWKPDJQHWLF¿HOGLQFOLQDWLRQDQGGHFOLQDWLRQLQWKLV
DUHDRIWKH6:,50DJQHWL]DWLRQRIWKHGLSROHVLVWKHQFRPSXWHGLQWKHVSDWLDOGRPDLQDVDVLQJOH
OLQHDULQYHUVLRQWRWKHGLVWDQFHVEHWZHHQGLSROHVDQGREVHUYDWLRQSRLQWV%URQQHUHWDO2QFH
WKHPDJQHWL]DWLRQLVREWDLQHGXSZDUGFRQWLQXDWLRQLVSHUIRUPHGE\FRPSXWLQJWKHPDJQHWLF¿HOGGXH
WRWKHHTXLYDOHQWVRXUFHVDWWKHGHVLUHGREVHUYDWLRQOHYHO)LJXUH2YHUWKHYROFDQLFVHDÀRRUZH
assume that a standard homogeneous 500 m layer accounts for the observed magnetic anomalies (Gee 
DQG.HQW7KHLQIHUUHGPDJQHWL]DWLRQYDOXHVDUHWKXVGLYLGHGE\WKHDVVXPHGGLSROHVSDFLQJ
DQGOD\HUWKLFNQHVVWR\LHOGXQLWVRIDPSHUHSHUPHWHU0DJQHWL]DWLRQVDERYHH[KXPHGPDQWOHDUHDV
are calculated in the same way, although we have little knowledge about the source layer thickness 
WKHUH7KHVHPDJQHWL]DWLRQVKDYHWKXVWREHWDNHQZLWKFDUHDQGDUHRQO\SUHVHQWHGDVDFRPSDULVRQ
WRWKHYROFDQLFVHDÀRRU9DULDWLRQVRILQYHUWHGPDJQHWL]DWLRQVRYHUH[KXPHGPDQWOHGRPDLQVFRXOG
HLWKHUUHVXOWIURPFKDQJHVRILQWULQVLFPDJQHWL]DWLRQRUIURPYDULDELOLW\LQWKHVRXUFHWKLFNQHVV
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7R EH FRQVLVWHQW DOO GHHSWRZPDJQHWLF DQRPDO\ SUR¿OHV GLVSOD\HG LQ ¿JXUH  DUH XSZDUG
FRQWLQXHGWRDFRQVWDQWOHYHORIPEHORZVHDOHYHOVKDOORZHVWGHSWKRIWKH72%,GXULQJWKH
ZKROHVXUYH\'PDJQHWLFDQRPDO\SUR¿OHVDUHUHSUHVHQWHGDERYHVHDÀRRUWRSRJUDSK\LQZKLFK
JHRORJLFDOLQWHUSUHWDWLRQVIURPVLGHVFDQLPDJHVIURP6DXWHUHWDODUHVXSHULPSRVHG)LJXUH
$VWKHSUR¿OHVDUHDERXWNPDSDUWWKH72%,VLGHVFDQVZDWKZLGWKZHGRQRWSHUIRUP'
LQYHUVLRQRUPDJQHWLFPDSSLQJLQVWHDGZHFDOFXODWHPDJQHWL]DWLRQVDORQJSUR¿OHVDQGGLVSOD\WKHP
DV FRORUHG VWULSV RI DUELWUDU\ZLGWK )LJXUH  VXSHULPSRVHG RQ WKH EDWK\PHWU\ ,GHQWL¿FDWLRQ RI
PDJQHWLFDQRPDOLHVDUHEDVHGRQ6DXWHUHWDODQG6HDUOHDQG%UDOHH
7KH72%,N+] VLGHVFDQ VRQDUSURYLGHVP UHVROXWLRQDFRXVWLF LPDJHVRI WKH VHDÀRRU
,QWHUSUHWDWLRQRIWKHUHÀHFWLYLW\FRPELQHGZLWKUHVXOWVIURPGUHGJHVOHDGVWRWKHGLVWLQFWLRQEHWZHHQ
WKUHHW\SHVRIVHDÀRRUVHH6DXWHUHWDOLQWKHDSSHQGL[YROFDQLFVHDÀRRUFRUUHVSRQGLQJ
WR KLJKO\ UHÀHFWLYH VXUIDFHV FRPSRVHG RI YROFDQLF FRQHV  P DFURVV DQG VLQXRXV VFDUSV
FKDUDFWHULVWLFRIWKHSUHVHQFHRISLOORZODYDÀRZVVPRRWKVHDÀRRUFRUUHVSRQGLQJWRVPRRWKDQG
KRPRJHQHRXVWRSRJUDSK\DVVRFLDWHGZLWKORZDQGXQLIRUPUHÀHFWLYLW\DQGFRUUXJDWHGVHDÀRRU
(Cannat et al., 2006) associated with striations comparable to the slip surfaces that are commonly 
REVHUYHGDWRFHDQLFFRUHFRPSOH[HVRI WKH0$5&DQQHWDO$VWKHVHGLPHQWDU\FRYHULV
OLPLWHG WR VPDOO SDWFKHV LQ WKLV UHJLRQ WKH QDWXUH RI WKH VHDÀRRU EHORZ LV H[WUDSRODWHG IURP WKH
VXUURXQGLQJH[SRVHGURFNV
4. MAGNETIC SIGNAL OVER VOLCANIC SEAFLOOR: A SEAFLOOR SPREADING MODEL
3UR¿OHZDVDFTXLUHGEHWZHHQDQRPDOLHV$DERYHH[FOXVLYHO\YROFDQLFVHDÀRRUDVVRFLDWHG
ZLWKUHODWLYHO\WKLFNFUXVWVXJJHVWHGE\ORZ5HVLGXDO0DQWOH%RXJXHU$QRPDOLHV50%$P*DO
&DQQDWHWDO:HXVHLWDVDUHIHUHQFHWRFDOLEUDWHWKHVSUHDGLQJUDWHDQGLGHQWLI\WKHPDLQ
SRODULW\UHYHUVDOV7KHLQYHUWHGPDJQHWL]DWLRQYDOXHVUHDFKDURXQG$PDWWKHD[LVUHVXOWLQJLQD
aQ7DPSOLWXGHIRUWKHFHQWUDODQRPDO\DQG$PRIID[LV7KHVHYDOXHVDUHLQDJUHHPHQWZLWK
SUHYLRXVREVHUYDWLRQVLQWKLVDUHD6HDUOHDQG%UDOHHDQGLQDQRWKHUVHFWLRQRIWKH6:,5QHDU
58º(+RVIRUGHWDO'HVSLWHWKHXOWUDVORZVSUHDGLQJUDWHWKHPDLQSRODULW\EORFNVDUHTXLWH
ZHOOUHVROYHG)LJXUHDQGDQGDVVRFLDWHGZLWKUHODWLYHO\VWURQJPDJQHWLFFRQWDFWV
6HDÀRRUVSUHDGLQJDQRPDOLHVDUHPRGHOHGXVLQJ02'0$*0HQGHOHWDO$PPD
uniform full spreading rate associated with a 500 m thick source layer draped over the topography 
andD$PPDJQHWL]DWLRQRQD[LVGHFUHDVLQJWR$PRIID[LVDUHVXI¿FLHQWWRUHSURGXFHWKHPDLQ
magnetic anomalies observed over the volcanic crust DWSUR¿OH)LJXUH$FRQWDPLQDWLRQ
FRHI¿FLHQW7LVVHDXDQG3DWULDWLVXVHGDVDJRRGFRPSURPLVHWRERWKDFFRXQWIRUFRQWDPLQDWLRQ
between adjacent magnetic polarity blocks and preserve the small wavelength anomalies such as 
DQRPDO\&)LJXUHSUR¿OH7KHUHLVDUHDVRQDEOH¿WEHWZHHQWKHREVHUYHGPDJQHWLFDQRPDO\
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SUR¿OH DQG WKLV IRUZDUG PRGHO UHJDUGLQJ WKH FHQWUDO %UXQKHV DQRPDO\ ZKLOH VRXWKHUQ &$ DQG
QRUWKHUQ&$DUHLQDJUHHPHQWZLWKSUHYLRXVLGHQWL¿FDWLRQVRQVHDVXUIDFHPDJQHWLFDQRPDO\SUR¿OHV
6DXWHUHWDO$QRPDO\&$LVQRWFOHDUO\LGHQWL¿HGRQWKHQRUWKHUQÀDQN7KLVLVFRQVLVWHQW
ZLWKREVHUYDWLRQVIURP6HDUOHDQG%UDOHHZKRVKRZHGWKDWWKLVSRODULW\UHYHUVDOZDVHLWKHU
VPDOOHUWKDQSUHGLFWHGRUPLVVLQJLQWKHQRUWKHUQÀDQNLQWKLVDUHD:HDOVRVXJJHVWWKDW&FRXOG
account for the two small wavelength events observed on both sides of the central anomaly. 
Figure 2 :'PDJQHWLFSUR¿OHVUHFRUGHGZLWKLQWKHWZRVXUYH\DUHDV0DJQHWLFGDWDFRQWLQXRXVUHGOLQHVKDYHEHHQ
XSZDUGFRQWLQXHGWRDQDOWLWXGHRIPEHORZWKHVHDOHYHO%URNHQOLQHVUHSUHVHQWWKHDQRPDO\SUHGLFWHGE\DPPD
VHDÀRRUVSUHDGLQJPRGHOFDOLEUDWHGRQWKHYROFDQLFVHDÀRRU3UR¿OH%ODFNVROLGOLQHVUHSUHVHQWDPRGHOEDVHGRQD
NPWKLFNVRXUFHOD\HUIRUZKLFKDVROHO\LQGXFHGDQGXQLIRUPPDJQHWL]DWLRQLVDSSOLHG$P,QWHUSUHWDWLRQVIURP
WKHVLGHVFDQLPDJHVDUHUHSUHVHQWHGEHORZWKHEDWK\PHWU\SUR¿OHVIURP6DXWHUHWDO
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5. MAGNETIC SIGNAL OVER EXHUMED SERPENTINIZED MANTLE.
5.1. THE WESTERN CORRIDOR
7KHZHVWHUQ FRUULGRU H[WHQGV EHWZHHQPDJQHWLF DQRPDOLHV &$ &DQQDW HW DO  DQG
LQFOXGHV WZR a NP ORQJ QRUWKVRXWKPDJQHWLF SUR¿OHV  NP DSDUW 3UR¿OHV  DQG  DQG
RQHVKRUW aNPSUR¿OH WKDWGRHVQRWFURVV WKHD[LV 3UR¿OH)LJXUH7KHPDJQHWLFGDWD
RI WKH HDVWZHVW SUR¿OHV DUH QRW SUHVHQWHG LQ WKLV SDSHU EHFDXVH WKH ' DVVXPSWLRQ XVHG IRU WKH
XSZDUGFRQWLQXDWLRQDQGWKHFRPSXWDWLRQRIWKHPDJQHWL]DWLRQLVXQUHOLDEOHLQWKDWFDVH7KHUHIRUH
ZHRQO\XVHWKHVLGHVFDQLPDJHVIURPWKHVHHDVWZHVWOLQHVWRFRQVWUDLQWKHQDWXUHRIWKHVHDÀRRU
&DUHIXODQDO\VLVRIEDWK\PHWU\VLGHVFDQLPDJHVDQGGUHGJHVDPSOHVVXJJHVWWKDWWKHVHDÀRRULQWKLV
FRUULGRU LV H[FOXVLYHO\PDGHRIZLGH VHUSHQWLQL]HGSHULGRWLWH ULGJHV WRSSHGE\ WKLQ P
WKLFN YROFDQLF SDWFKHV 6DXWHU HW DO  )LJXUHV  DQG7KH D[LDO YDOOH\ LVPDUNHGE\ DQ
XQFRQYHQWLRQDOPRUSKRORJ\FRPSULVLQJDPKLJKSHULGRWLWHULGJHFDOOHG³&DQQLEDO5LGJH´WKDW
HPHUJHVIURPWKHD[LDOGRPDLQ
7KH D[LDOPDJQHWLF DQRPDO\ LV DOPRVWPLVVLQJ RQ SUR¿OH  )LJXUH  ZKHUHDV D KLJKHU
aQ7DPSOLWXGHDQRPDO\LVREVHUYHGRQSUR¿OHDWWKHWRSRIWKH&DQQLEDO5LGJH6LPLODUO\
IHZNLORPHWHUVQRUWKRI WKHULGJHD[LVDaQ7DPSOLWXGHPDJQHWLFDQRPDO\WKDWZDVUHFRUGHG
RQSUR¿OHLVDEVHQWIURPSUR¿OH2QO\RQHDQRPDO\SUHYLRXVO\SLFNHGDV&$6DXWHUHWDO
DQGORFDWHGRQWRSRIWKH¿UVWULGJHVRXWKRIWKHD[LVLVFRQWLQXRXVEHWZHHQWKHWZRSUR¿OHV2Q
WKHLQYHUWHGPDJQHWL]DWLRQSUR¿OHV)LJXUHVDQGDORFDOPDJQHWLFKLJKXSWR$PORFDWHGRQ
WKHQRUWKÀDQNRIWKH&DQQLEDO5LGJHDSSHDUVDVWKHD[LDOPDJQHWLFEORFNSUR¿OHZKHUHDVMXVW
WRWKHHDVWRQSUR¿OHWKHVDPHIHDWXUHLVVKLIWHGQRUWKZDUGWRWKHGHHSHUSDUWRIWKHD[LDOYDOOH\
2IID[LVWKHPDJQHWL]DWLRQLVTXLWHZHDNDQGDVVRFLDWHGZLWKVPRRWKPDJQHWLFFRQWDFWV
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CHAPITRE 2: LA DORSALE SUD-OUEST INDIENNE
Figure 3 : %R[  ,QYHUWHGPDJQHWL]DWLRQ UHSUHVHQWHG E\ FRORUHG VWULSV RQ ZKLFK WKHPDJQHWLF DQRPDO\ SUR¿OH LV
superimposed. The multibeam bathymetry is represented as a shaded gray scale background. Red circles represent relative 
150YDOXHVRIGUHGJHGEDVDOWVZKHUHDVJUHHQFLUFOHVUHSUHVHQW150RIGUHGJHGSHULGRWLWHV7KHUHGOLQHVUHSUHVHQWLQJ
WKHHGJHVRIWKHYROFDQLFVHDÀRRUDUHIURP6DXWHUHWDO3LFNLQJRIPDJQHWLFDQRPDOLHVLVWKHVDPHDV)LJXUH
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
5A/m
-10-8 -6 -4 -2 0 2 4 6 8 10
A/m
16
7
10
6
8
Box 1
60
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
Ý Ý
-10-8 -6 -4 -2 0 2 4 6 8 10
A/m
23
24
28
34
30
30
34
3114km/m.y.
Box 2
Figure 3 : %R[  ,QYHUWHGPDJQHWL]DWLRQ UHSUHVHQWHG E\ FRORUHG VWULSV RQZKLFK WKHPDJQHWLF DQRPDO\ SUR¿OH LV
superimposed. The multibeam bathymetry is represented as a shaded gray scale background. Red circles represent relative 
150YDOXHVRIGUHGJHGEDVDOWVZKHUHDVJUHHQFLUFOHVUHSUHVHQW150RIGUHGJHGSHULGRWLWHV7KHUHGOLQHVUHSUHVHQWLQJ
WKHHGJHVRIWKHYROFDQLFVHDÀRRUDUHIURP6DXWHUHWDO3LFNLQJRIPDJQHWLFDQRPDOLHVLVWKHVDPHDV)LJXUH
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CHAPITRE 2: LA DORSALE SUD-OUEST INDIENNE
5.2. THE EASTERN CORRIDOR
7KHHDVWHUQFRUULGRUSUR¿OHVDQGVKRZVDPRUHFRPSOH[PRUSKRORJLFDOVWUXFWXUH
,W LVDW WKHWUDQVLWLRQIURPDQH[FOXVLYHO\YROFDQLFVHDÀRRULQWKHZHVWWRDZLGHH[KXPHGPDQWOH
GRPDLQLQWKHHDVW,W LVFKDUDFWHUL]HGE\DVHULHVRIEURDGURXQGHGVHUSHQWLQL]HGSHULGRWLWHULGJHV
VRXWKRIWKHD[LDOYDOOH\ZKHUHDVDVKDOORZHUDQGÀDWWHUWRSRJUDSK\SUHYDLOVWRWKHQRUWK7KHQRUWKHUQ
HQGRIWKHVXUYH\QHDUDQRPDO\QRUWKRI6)LJXUHVDQGVKRZVFRUUXJDWHGVXUIDFHV
ZKHUHWKHUHFRYHU\RIPRUHIUHTXHQWJDEEURLFURFNV6DXWHUHWDODVVRFLDWHGZLWKDORZ50%$
P*DO6DXWHUHWDOVXJJHVWPRUHUREXVWPDJPDWLFDFWLYLW\$SDUWIURPWKLVSDUWLFXODUDUHD
DQGVRPHWKLQVPDOOYROFDQLFSDWFKHVOHVVWKDQPWKLFNREVHUYHGZLWKLQWKHD[LDOGRPDLQDQGDW
WKHWRSRIVRPHVHUSHQWLQL]HGSHULGRWLWHULGJHVWKHHDVWHUQFRUULGRULVIRUPHGDOPRVWH[FOXVLYHO\RI
VPRRWKH[KXPHGPDQWOHVXUIDFHVDVVRFLDWHGZLWKYHU\OLWWOHPDJPDWLFVXSSO\0RUHRYHUHYLGHQFH
ZDVIRXQGWKDWWKHaPKLJKVRXWKGLSSLQJQRUWKHUQD[LDOYDOOH\ZDOOFRUUHVSRQGVWRWKH
IRRWZDOO RI D UHFHQW ODUJHGHWDFKPHQW IDXOW FXWWLQJ WKH HDUOLHU VHGLPHQWHG VPRRWK LQQHUÀRRU DQG
DFFRPPRGDWLQJWKHSODWHVHSDUDWLRQ6DXWHUHWDO
:KDWKDVEHHQLQWHUSUHWHGDVWKHFHQWUDOPDJQHWLFDQRPDO\6DXWHUHWDOJRHVIURPD
YHU\ORZPDJQHWLFDQRPDO\Q7DPSOLWXGHDERYHWKHGHWDFKPHQWIRRWZDOOLQWKHZHVWSUR¿OHV
DQGWRDVOLJKWO\VWURQJHUDQRPDO\aQ7LQWKHGHHSHUSDUWRIWKHD[LDOYDOOH\WRWKHHDVW
SUR¿OH)LJXUHVDQG6LPLODUO\RQWKHVRXWKÀDQNWKHDQRPDO\SLFNHGDV&$RQSUR¿OH
LVVKLIWHGNPQRUWKRQSUR¿OHDQGLVDOPRVWPLVVLQJIURPWKHSUR¿OH2QWKHFRQMXJDWH
SODWHWRWKHQRUWKLQEHWZHHQWKHULGJHD[LVDQGDQRPDO\WKHPDJQHWLFVLJQDOLVDOVRÀDWZLWKQR
FOHDUVHDÀRRUVSUHDGLQJDQRPDOLHVDQGQRODWHUDOFRQWLQXLW\RQO\DQRPDO\&VHHPVUHVROYDEOHDQG
TXLWHFRQWLQXRXV7KHLQYHUWHGPDJQHWL]DWLRQSUR¿OHV)LJXUHVKRZDVLPLODUSDWWHUQWRWKRVHIURP
WKHHDVWHUQFRUULGRUDYHU\ÀDWPDJQHWL]DWLRQDVVRFLDWHGZLWK VPRRWKPDJQHWLFFRQWDFWVRYHU WKH
H[KXPHGPDQWOHDUHDV2QO\DQRPDO\DQGYHU\ORFDOPDJQHWL]DWLRQKLJKVVXFKDVQRUWKRIWKHULGJH
D[LVRQSUR¿OHDUHREVHUYHG
5.3. MAGNETIC STRUCTURE OF THE DIFFERENT TYPES OF SEAFLOOR
$WWKHULGJHD[LVWKHPDJQHWL]DWLRQRIWKHH[KXPHGPDQWOHLVJHQHUDOO\ORZ$PEXWLW
FDQEHORFDOO\VLJQL¿FDQWHJXSWR$PRQSUR¿OHDQGVKRZVLOOGH¿QHGPDJQHWLFFRQWUDVWV
FRPSDUHGWRWKHYROFDQLFDUHDV1RFOHDUZLGHFHQWUDOEORFNLVREVHUYHGLQWKHZHVWHUQFRUULGRUDV
ODUJHPDJQHWL]HGEORFNVDUHDOWHUQDWLYHO\REVHUYHGDERYHWKH&DQQLEDO5LGJHSUR¿OH)LJXUH
RULQWKHGHHSHUSDUWRIWKHD[LDOYDOOH\SUR¿OH)LJXUH6LPLODUO\WKHFHQWUDOEORFNLVYLUWXDOO\
DEVHQWZLWKLQWKHHDVWHUQFRUULGRUDVPDOODQRPDO\ZLWKVOLJKWO\ODUJHUPDJQHWL]DWLRQVXSWR$P
LV VKLIWLQJ IURP WKH VRXWKHUQ SUR¿OH)LJXUH WR WKHQRUWKHUQD[LDOYDOOH\ZDOO SUR¿OH
)LJXUH2IID[LVWKHH[KXPHGPDQWOHVXUIDFHVVKRZQRHYLGHQFHIRUYROFDQLFPDWHULDOHJQRUWK
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VLGH RI WKH SUR¿OH  )LJXUH  DQG DUH FKDUDFWHUL]HG E\ ORZPDJQHWL]DWLRQV PRVWO\ $P
ZLWKRXWDQ\FOHDUFRQWLQXRXVPDJQHWLFDQRPDO\IURPRQHSUR¿OHWRWKHRWKHU
$SDUW IURP SUR¿OH  VKRZLQJ ODUJH DPSOLWXGH PDJQHWL]DWLRQV RYHU H[FOXVLYHO\ YROFDQLF
VHDÀRRUWKHKLJKHUPDJQHWL]DWLRQFDQQRWEHDVVRFLHWHGZLWKYROFDQLFVHDÀRRUHLWKHUDWWKHD[LVRURQ
WKHÀDQNV7KHSUHVHQFHRIH[WUXVLYHURFNVPD\LQVRPHSODFHVDFFRXQWIRUDKLJKHUPDJQHWL]DWLRQ
ZKHUHDVHOVHZKHUHQRW)RU LQVWDQFHDOWKRXJKD ODYDÀRZ LV LGHQWL¿HG MXVWQRUWKRI WKH&DQQLEDO
5LGJHRQERWKSUR¿OHVDQG ODUJHUPDJQHWL]DWLRQYDOXHVDUHRQO\REVHUYHGRQ WKHHDVWHUQ
SUR¿OHSUR¿OH)LJXUH6LPLODUO\DOWKRXJKUHODWLYHO\KLJKHUPDJQHWL]DWLRQVXSWR$PPD\
EHUHODWHGWRWKHSUR[LPLW\RIWKHVPDOOYROFDQLFSDWFKQRUWKRIWKHD[LDOYDOOH\ZDOOSUR¿OHWKH
IHZYROFDQLFSDWFKHVREVHUYHGVRXWKRIWKHD[LVRIWKHZHVWHUQFRUULGRUGRQRWSURGXFHDQ\VLJQL¿FDQW
PDJQHWL]DWLRQ$P)LJXUH
7KHFRUUXJDWHGVXUIDFHVREVHUYHGDWWKHQRUWKHUQHQGRIWKHSUR¿OHVDQGVHHPWREH
DVVRFLDWHGZLWKVWURQJHUPDJQHWL]DWLRQVXSWR$PDQGDVOLJKWO\FRQWLQXRXVPDJQHWLFDQRPDO\
LGHQWL¿HGDVWKHDQRPDO\&
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Figure 4 :'EDWK\PHWULFYLHZRIWKHWZRVXUYH\DUHDV7KHLQYHUWHGPDJQHWL]DWLRQFRORUHGVWULSVDQGWKHOLPLWVIURP
6DXWHUHWDORIERWKWKHFRUUXJDWHGVXUIDFHVDQGWKHYROFDQLFVHDÀRRUDUHGUDSHGRQWKHEDWK\PHWU\7KHEODFNOLQHV
LQGLFDWHWKHHGJHVRIWKH72%,VLGHVFDQVZDWK
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6. MAGNETIC PROPORTIES OF THE DREDGED SAMPLES
1DWXUDOUHPDQHQWPDJQHWL]DWLRQ150DQGPDJQHWLFVXVFHSWLELOLW\.ZHUHPHDVXUHGRYHU
EDVDOWDQGSHULGRWLWHVDPSOHVGUHGJHGLQWKHWZRVXUYH\DUHDV)LJXUHDQG7DEOH6XVFHSWLELOLW\
YDOXHVIRUSHULGRWLWHVUDQJHIURPWR6,ZKHUHDV150YDOXHVIDOOEHWZHHQDQG$PZLWK
DPHDQYDOXHRI$P)LJXUH6RPHGUHGJHGSHULGRWLWHVKDYHDVLJQL¿FDQW150FRPSDUDEOH
WRWKRVHIURPEDVDOWLFURFNVXSWRRU$PEXWDVVRFLDWHGZLWKKLJKHUVXVFHSWLELOLW\.XSWR
6,DQGORZHU.RHQLJVEHUJHUUDWLR4PHDQ4IRUVHUSHQWLQL]HGSHULGRWLWHVLVaZKHUHDVWKH
PHDQYDOXHIRUEDVDOWLVa0RUHRYHUERWK150VDQGVXVFHSWLELOLWLHVDUHKLJKO\YDULDEOHHYHQ
IRUDVHWRIVDPSOHVFROOHFWHGZLWKLQWKHVDPHGUHGJH7KHVWURQJHVWPDJQHWL]HGSHULGRWLWHVDPSOHV
ZHUHUHFRYHUHGZLWKLQDVKRUWODWHUDOGLVWDQFHRIHDFKRWKHULQWKHPLGGOHRIWKHQRUWKVLGHRISUR¿OHV
DQG)LJXUH7ZRVDPSOHVDUHHVSHFLDOO\PDJQHWL]HGZLWKDUHVSHFWLYH150RIDQG
$P+RZHYHUVXFKDKLJKPDJQHWL]DWLRQLVQRWUHFRUGHGE\WKHGHHSWRZPDJQHWLFGDWD)LJXUH
VXJJHVWLQJ WKDW HLWKHU WKHPDJQHWL]HG VRXUFH OD\HU LV WKLQ RU WKDW KLJKPDJQHWL]DWLRQV RFFXU RQO\
SXQFWXDOO\VXJJHVWLQJWKDWVXFKPDJQHWL]DWLRQDUHOLPLWHGWRVPDOOVXUIDFHVWKDWFDQQRWEHGHWHFWHG
E\WKHGHHSWRZPDJQHWRPHWHU
Figure 5 :1DWXUDOUHPDQHQWPDJQHWL]DWLRQ150DQG.RHQLJVEHUJHUUDWLR4LQVDPSOHVIURPGUHGJHGSHULGRWLWHV
DQGEDVDOWVDVDIXQFWLRQRIWKHPDJQHWLFVXVFHSWLELOLW\.1RWHWKDW4KDVDORJDULWKPLFVFDOH
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7DEOH0DJQHWLFSURSHUWLHVRIWKHGUHGJHVDPSOHV
Dedge # Type 
MagneticSusceptibility 
(SI) 
NRM  
(A/m) 
Koenigsberger 
ratio 
Total Magnetization (A/m) 
6 Peridotite 0,016 0,70 1,30 1,24 
6 Peridotite 0,018 0,66 1,10 1,26 
7 Peridotite 0,016 0,79 1,48 1,32 
7 Peridotite 0,045 3,47 2,32 4,97 
7 Peridotite 0,031 1,25 1,20 2,28 
7 Peridotite 0,014 0,09 0,19 0,54 
8 Peridotite 0,002 0,08 1,57 0,13 
8 Peridotite 0,052 0,52 0,30 2,25 
8 Peridotite 0,037 0,70 0,58 1,91 
8 Peridotite 0,054 1,84 1,04 3,61 
10 Peridotite 0,028 2,12 2,30 3,04 
10 Peridotite 0,005 0,28 1,56 0,45 
10 Peridotite 0,028 0,97 1,04 1,90 
10 Peridotite 0,015 1,24 2,48 1,74 
16 Peridotite 0,058 0,92 0,48 2,86 
16 Peridotite 0,050 2,28 1,38 3,93 
16 Peridotite 0,070 1,88 0,81 4,18 
16 Basalt 0,002 4,60 68,30 4,67 
16 Basalt 0,001 4,18 96,77 4,22 
16 Basalt 0,002 4,39 83,37 4,44 
21 Peridotite 0,007 0,30 1,29 0,54 
23 Basalt 0,001 1,38 42,54 1,41 
23 Basalt 0,001 2,04 69,40 2,07 
23 Basalt 0,001 0,83 17,29 0,87 
24 Basalt 0,003 5,18 62,22 5,27 
24 Basalt 0,002 0,17 2,66 0,24 
25 Nodule 0,002 0,01 0,18 0,07 
28 Peridotite 0,020 0,64 0,97 1,29 
28 Peridotite 0,016 0,35 0,65 0,90 
28 Peridotite 0,028 0,52 0,55 1,46 
28 Peridotite 0,037 2,47 2,03 3,68 
30 Peridotite 0,013 1,94 4,66 2,35 
30 Peridotite 0,031 22,57 21,95 23,60 
30 Peridotite 0,014 0,43 0,90 0,91 
31 Basalt 0,001 2,26 51,23 2,31 
31 Basalt 0,001 1,88 40,17 1,92 
31 Basalt 0,002 0,09 1,54 0,14 
31 Basalt 0,002 0,11 2,14 0,16 
33 Peridotite 0,005 0,09 0,52 0,25 
34 Peridotite 0,026 0,25 0,30 1,11 
34 Peridotite 0,020 0,17 0,25 0,82 
34 Peridotite 0,041 2,44 1,82 3,78 
34 Peridotite 0,043 7,98 5,57 9,41 
34 Peridotite 0,000 0,01 1,24 0,01 

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7. FORWARD MODELLING
Magnetic anomalies were interpreted over domains that lack a volcanic upper crustal layer in 
WKHHDVWHUQPRVWSDUWRIWKH6:,56DXWHUHWDOVXJJHVWLQJWKDWRWKHUGHHSHUVRXUFHVPD\SOD\
DVLJQL¿FDQWUROHLQSUHVHUYLQJWKH(DUWKPDJQHWLF¿HOGSRODULW\$ORQJERWKWKH0$5DQGWKH6:,5
VHUSHQWLQL]HG SHULGRWLWHV KDYH EHHQ VXVSHFWHG WR FDUU\ D ³PRUH SRVLWLYH´ LQGXFHG PDJQHWL]DWLRQ
LQ DUHDV RI WKLQ FUXVW +RVIRUG HW DO  7XFKRONH HW DO  ,QGHHG VWXGLHV RI DE\VVDO
SHULGRWLWHVIURP2'3KROHVKDYHVXJJHVWHGWKDWDGHJUHHRIVHUSHQWLQL]DWLRQVXSHULRUWRFRXOG
EHUHVSRQVLEOHIRUWKHIRUPDWLRQRIDODUJHDPRXQWRIPDJQHWLWHOHDGLQJWRDVLJQL¿FDQWEXWKLJKO\
YDULDEOHUHPDQHQWPDJQHWL]DWLRQ2X¿HWDO0RUHRYHULQDJUHHPHQWZLWKUHVXOWVIURP2X¿
HWDO.RHQLJVEHUJHUUDWLRVIRU6:,5VHUSHQWLQL]HGSHULGRWLWHVUHPDLQVLJQL¿FDQWO\ORZHUWKDQ
WKRVHIRUEDVDOWLFURFNV:HWKHUHIRUHSHUIRUPWZRGLIIHUHQWIRUZDUGPRGHOOLQJRQHEDVHGRQDP
WKLFNEDVDOWLF OD\HUSUHVHUYLQJ WKH(DUWKPDJQHWLF¿HOGSRODULW\DQGDQRWKHUEDVHGRQDQ LQGXFHG
PDJQHWL]HGOD\HULQRUGHUWRWHVWWKHFRQWULEXWLRQRIYROFDQLFURFNVYHUVXVVHUSHQWLQL]HGSHULGRWLWHV
:HGLVUHJDUGWKHFRQWULEXWLRQRIDORZHUFUXVWDOOD\HUPDGHRIJDEEURLFURFNVWKDWLVYROXPHWULFDOO\
VFDUFHLQWKHVDPSOHVGUHGJHGZLWKLQWKHH[KXPHGPDQWOHGRPDLQV
7.1. SEAFLOOR SPREADING MODEL
7KHPRGHOFDOLEUDWHGRQWKHYROFDQLFVHDÀRRUOLQHZDVWKHQFRPSDUHGWRWKHPDJQHWLF
SUR¿OHVDFTXLUHGDERYHWKHH[KXPHGPDQWOHGRPDLQVRIERWKHDVWHUQDQGZHVWHUQFRUULGRUV,QWKH
DEVHQFH RI D KLJK DPSOLWXGH FHQWUDO DQRPDO\ WKH D[LDO%UXQKHV EORFNZDV FHQWHUHG HLWKHU DW WKH
EDWK\PHWULFD[LVRUXQGHUQHDWKWKHFHQWUDOPDJQHWLFDQRPDO\)LJXUHVKRZVWKHSUHGLFWHGPDJQHWLF
DQRPDO\DORQJHDFKDFURVVD[LVSUR¿OHGDVKHGEODFNOLQH7KHSDUDPHWHUVGHULYHGIURPSUR¿OH
JLYHDSRRU¿WWRWKHREVHUYHGPDJQHWLF¿HOGIRUWKHWZRFRUULGRUV7KHSLFNHGD[LDODQRPDO\DQG
DQRPDO\&$RU&$RQVHDVXUIDFHPDJQHWLFSUR¿OHV&DQQDWHWDOGRQRWFOHDUO\VKRZRQ
WKHGHHSWRZSUR¿OHVRYHUWKHH[KXPHGPDQWOHGRPDLQV)XUWKHUPRUHWKHPRGHOHGDQRPDO\&DW
WKHHQGRIERWKSUR¿OHVDQGDSSHDUVWREHVKLIWHGDIHZNLORPHWHUVWRWKHQRUWKZLWKUHVSHFWWR
WKHSUHYLRXVO\SLFNHGDQRPDO\&7KLVRIIVHWPD\EHH[SODLQHGE\HLWKHUDV\PPHWULFDOVSUHDGLQJ
FKDQJHV LQ VSUHDGLQJ UDWHEHWZHHQ&$DQG&RU XQFRQVWUDLQHG ORFDWLRQRI WKH FHQWUDO%UXQKHV
anomaly.
7.2. INDUCED MAGNETIZED MODEL
To account for the unconstrained lateral and vertical variations in both intensity and direction 
RIWKHUHPDQHQWFRPSRQHQWRIPDJQHWL]DWLRQZHWHVWHGZKHWKHUDXQLIRUPLQGXFHGPDJQHWL]HGOD\HU
FRXOGVROHO\DFFRXQWIRUWKHREVHUYHGPDJQHWLFDQRPDOLHV6HLVPLFYHORFLWLHVLQWKHH[KXPHGPDQWOH
GRPDLQV RI WKH ,EHULDQPDUJLQ DVZHOO DV RYHU VORZVSUHDGLQJ ULGJHV VXJJHVW D VHUSHQWLQL]DWLRQ
GHJUHHJUHDWHUWKDQLQWKH¿UVWNPEHORZWKHVHDÀRRU0LQVKXOOHWDO&KLDQHWDO
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'HDQHWDO7KXVEDVHGRQDYHUDJH150YDOXHVPHDVXUHGRQRXUGUHGJHVDPSOHVEXWDOVR
RQVHUSHQWLQLWHVDW2'3+ROHV'%$DQG=KDRHWDOZHXVHD$P
PDJQHWD]DWLRQDQGNPFRQVWDQWWKLFNQHVVGUDSHGRQWKHEDWK\PHWU\DVDVRXUFHIRUWKHPDJQHWLF
DQRPDOLHV6XFKPRGHOLVWKHQHTXLYDOHQWWRDVVXPHWKDWWKHZKROHPDJQHWLFVLJQDOLVH[FOXVLYHO\
UHODWHGWRWKHVHDÀRRUWRSRJUDSK\
7KH UHVXOWV DUH UHSUHVHQWHG LQ )LJXUH  E\ WKH WKLQ EODFN FRQWLQXRXV OLQHV ,Q WKH ZHVWHUQ
FRUULGRUWKHUHLVDSRRU¿WEHWZHHQWKHV\QWKHWLFDQGWKHREVHUYHGPDJQHWLFDQRPDO\DORQJSUR¿OH
 DQG HVSHFLDOO\ LQ WKH D[LDO YDOOH\ RI SUR¿OH +RZHYHU WKH DJUHHPHQW LV EHWWHU RQ SUR¿OH
 HYHQZLWKLQ WKH FHQWUDO GRPDLQ7KHRQO\ FRQWLQXRXV DQRPDO\ EHWZHHQERWK SUR¿OH  DQG
SLFNHGDVDQRPDO\&$E\6DXWHUHWDOLVTXLWHZHOOH[SUHVVHGRQERWKSUR¿OHV,QWKH
HDVWHUQFRUULGRUVZKHUHWKHDUHDVRIÀDWWRSRJUDSK\FRUUHVSRQGWRDÀDWREVHUYHGPDJQHWLF¿HOGWKH
GDWDDUHTXLWHFRPSDUDEOHWRWKHPRGHOH[FHSWLQWKHD[LDOGRPDLQ2YHUWKHYROFDQLFVHDÀRRUWKH
V\QWKHWLFPDJQHWLFDQRPDO\¿WVSRRUO\WKHREVHUYHGPDJQHWLFDQRPDO\SUR¿OHLQERWKD[LVDQG
RIID[LVUHJLRQV
8. DEPTH OF THE MAGNETIC SOURCES
)ROORZLQJ%URQQHUHWDOZe use the equivalent layer method for the estimation of the 
GHSWKRI WKHPDJQHWLFVRXUFHV ,QGHHG'DPSQH\KDVVKRZQ WKDW WKHGLVWDQFHEHWZHHQ WKH
VXUIDFHZKHUHWKH¿HOGLVPHDVXUHGDQGWKHORFDWLRQRIWKHHTXLYDOHQWVRXUFHGLSROHVVKRXOGVDWLVI\D
ORZHUDQGXSSHUERXQGIRUDYRLGLQJUHVSHFWLYHO\WKHDOLDVLQJHIIHFWLQWKHFRPSXWHG¿HOGDQGDQLOO
FRQGLWLRQHGLQYHUVLRQPDWUL[,QRXUFDVHEHFDXVHWKHGDWDVSDFLQJaPLVFOHDUO\VPDOOHUWRWKH
DOWLWXGHRIWKH72%,DERYHWKHVHDÀRRUWKHXSSHUERXQGFDQEHFRQVWUDLQHGE\WKHWRSRIWKHVHDÀRRU
rather than the aliasing frequency. An equivalent source located too far below the measurement 
VXUIDFHPDNHV WKHPDWUL[UHSUHVHQWLQJ WKHGLVWDQFHEHWZHHQWKHGLSROHVDQGWKHREVHUYDWLRQSODQH
LOO FRQGLWLRQHGDQG WKHDVVRFLDWHG VROXWLRQXQUHOLDEOH 'DPSQH\ ,QPDULQHJHRSK\VLFV WKH
sources responsible for the magnetic anomalies are usually considered to be located in the upper part 
of the oceanic crust and within a layer of constant thickness. Therefore, the lower bound (i.e. depth 
ZKHUH WKH³GLVWDQFH´PDWUL[EHFRPHV LOOGH¿QHGSURYLGHVD¿UVWJXHVVRI WKHPD[LPXPGHSWKRI
WKH³WUXH´FDXVDWLYHVRXUFHV7KLVFDQEHHPSLULFDOO\HVWLPDWHGE\LWHUDWLYHO\LQFUHDVLQJWKHGHSWKRI
WKHVRXUFHXQWLOHLWKHUKLJKIUHTXHQFLHVLQERWKFRPSXWHG¿HOGDQGPDJQHWL]DWLRQDUHORVWRU
RVFLOODWLRQV¿UVWDSSHDULQWKHVROXWLRQV
$SSO\LQJWKLVPHWKRGWRRXUVXUYH\LQWKHFDVHRIWKH³YROFDQLF´SUR¿OHOLQHWKHZKROH
IUHTXHQF\ FRQWHQW RI WKH PHDVXUHG ¿HOG ZDV ZHOO UHWULHYHG IRU GLSROHV ORFDWHG DURXQG  P
EHORZWKHVHDÀRRU)LJXUH6KDOORZHUDQGGHHSHUVROXWLRQV OHDGUHVSHFWLYHO\ WR WKHDSSHDUDQFH
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RI KLJK IUHTXHQF\ RVFLOODWLRQV LQ WKH FRPSXWHG¿HOG DQG ORVV RI UHVROXWLRQ LQ WKH FRPSXWHG¿HOG
DQGPDJQHWL]DWLRQ VROXWLRQ$W WKH RSSRVLWH IRU WKH SUR¿OHV DFTXLUHG DERYH WKH H[KXPHGPDQWOH
GRPDLQVHJSUR¿OH)LJXUHWKHZHDNQHVVRIWKHVLJQDODVVRFLDWHGZLWKDTXDVLDEVHQFHRI
VKRUWZDYHOHQJWKDQRPDOLHVDOORZUHDVRQDEOH VROXWLRQV IRUERWKV\QWKHWLF¿HOGDQGPDJQHWL]DWLRQ
ZLWKLQDZLGHUUDQJHRIGHSWKXSWRPEHORZWKHVHDÀRRU)LJXUH
As for any methods used to estimate the depth of magnetic sources, these results have to be 
WDNHQZLWKFDUH7KHPD[LPXPGHSWKRIPREWDLQHGDERYHWKHYROFDQLFVHDÀRRULVLQDJUHHPHQW
with the 500 m thick basaltic layer generally used to account for the marine magnetic anomalies at 
mid oceanic ridges. This suggests that the 2D hypothesis used here is reliable in the case of a 2D 
KRPRJHQHRXVFUXVWDODFFUHWLRQEXWZHGRQRWKDYHPXFKFRQVWUDLQWVRQWKHPDJQHWL]DWLRQVWUXFWXUH
RI WKH H[KXPHG PDQWOH GRPDLQV DQG WKH ' DVVXPSWLRQ PD\ OHDG WR VRPH HUURUV 7KH GHHSHU
VROXWLRQVIRXQGIRUWKHVRXUFHVLQH[KXPHGPDQWOHGRPDLQVPDLQO\VXJJHVWWKDWWKHVKRUWZDYHOHQJWK
PDJQHWLFDQRPDOLHVUHFRUGHGDERYHWKHYROFDQLFDUHDVDUHPLVVLQJIURPWKHSUR¿OHVDFTXLUHGDERYH
VHUSHQWLQL]HGSHULGRWLWHV7KLVFDQEHH[SODLQHGE\GHHSHUVRXUFHVRUE\VPRRWKHUPDJQHWLFFRQWDFWV
9. DISCUSSION
9.1. SEAFLOOR SPREADING ANOMALIES
%HFDXVHWKHVKDSHRIWKHPDULQHPDJQHWLFDQRPDOLHVVWURQJO\GHSHQGVRQWKHGLVWDQFHEHWZHHQ
WZRSRODULW\UHYHUVDOVLHIUHTXHQF\RISRODULW\UHYHUVDOYHUVXVVSUHDGLQJUDWHPDJQHWLFUHYHUVDO
SDWWHUQV DORQJ XOWUDVORZ VSUHDGLQJ ULGJHV DUH QRW DOZD\V LGHQWL¿DEOH$W WKH 6:,5 JHRPDJQHWLF
reversals used for the resolution of spreading rates for the last 24 Ma have often been restricted to 
long reversals of constant polarity, such as chrons C5 and C6, of about one million years duration 
3DWULDWHWDO0RUHRYHUDWWKHHDVWHUQSDUWRIWKH6:,5WKUHHGLIIHUHQWW\SHVRIVHDÀRRURFFXU
&DQQDWHWDOWKHYROFDQLFVHDÀRRUUHSUHVHQWHGE\YROFDQLFDFFUHWLRQWKHFRUUXJDWHG
VHDÀRRUDVVRFLDWHGZLWKDERXWDQGRIPDQWOHH[KXPDWLRQ%XFNHWDODQGWKHVPRRWK
VHDÀRRU IRUPHGE\QHDUO\RIGHWDFKPHQW IDXOWLQJDVVRFLDWHGZLWKQRRUYHU\ OLWWOHYROFDQLF
DFWLYLW\6DXWHUHWDO/DUJHYDULDWLRQVLQERWKFUXVWDOWKLFNQHVVLQIHUUHGIURP50%$&DQQDW
HWDODQGOLWKRORJ\IURPYROFDQLFEDVDOWWRWHFWRQL]HGVHUSHQWLQLVHGSHULGRWLWHVDVVRFLDWHG
ZLWK WKHVH GLIIHUHQW PRGHV RI VHDÀRRU JHQHUDWLRQ 7KXV LQ DGGLWLRQ WR WKH XOWUDVORZ VSUHDGLQJ
UDWHWKHVHDUHUHVSRQVLEOHIRUWKHFRPSOH[LW\RIWKHPDJQHWLFVLJQDOLQWKLVDUHD$VDUHVXOWVKRUW
UHYHUVDOVVXFKDV&RU&$a0\DUHGHWHFWDEOHRQO\DERYHZHOOHVWDEOLVKHG WKLFNYROFDQLF
FUXVWDVVRFLDWHGZLWKPLQRUWHFWRQLFDFWLYLW\7KHUHIRUHWKHLGHQWL¿FDWLRQRIPDJQHWLFDQRPDOLHVIURP
VHDVXUIDFHPDJQHWLFSUR¿OHVDERYHVPRRWKVHDÀRRUZDVPDLQO\H[WUDSRODWHGIURPWKHVXUURXQGLQJ
YROFDQLFDUHDV6DXWHUHWDO0RUHRYHUPDSSLQJRIH[KXPHGPDQWOHGRPDLQVIURPPXOWLEHDP
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Figure 6 :&RPSDULVRQEHWZHHQWKHGHHSWRZPHDVXUHG¿HOGDQGWKHFRPSXWHG¿HOGDORQJWKH72%,SDWKIRUGLIIHUHQW
GHSWKVRI LQIHUUHGPDJQHWL]HGGLSROHV IURP WRPEHORZWKHVHDÀRRUThe shallowest and deepest dipoles lead 
UHVSHFWLYHO\WRWKHDSSHDUDQFHRIKLJKIUHTXHQF\RVFLOODWLRQVLQWKHFRPSXWHG¿HOGDQGORVVRIUHVROXWLRQLQERWKFRPSXWHG
¿HOGDQGPDJQHWL]DWLRQVROXWLRQ7KHEHVWFRPSURPLVHLVIRXQGIRUGLSROHVORFDWHGDURXQGPEHORZWKHVHDÀRRUIRU
WKHSUR¿OHDFTXLUHGDERYHWKHYROFDQLFFUXVWDQGPIRUWKHSUR¿OHFROOHFWHGDERYHWKHH[KXPHGPDQWOHGHULYHGURFNV
$VLJQL¿FDQWORVVLQUHVROXWLRQLVREVHUYHGIRUGLSROHVORFDWHGEHORZPLQWKHFDVHRIWKHYROFDQLFFUXVWZKHUHDV
ERWKFRPSXWHG¿HOGDQGPDJQHWL]DWLRQDUHTXLWHZHOOSUHVHUYHGXSWRPIRUWKHFDVHRIH[KXPHGPDQWOHVHDÀRRU
EDWK\PHWULFGDWDDWPUHVROXWLRQDQGIURP72%,LPDJHVDWPUHVROXWLRQUHYHDOVWKDWVRXUFHV
RIVRPHPDJQHWLFDQRPDOLHVZHUHHUURQHRXVO\DWWULEXWHGWRYROFDQLFVHDÀRRUE\6DXWHUHWDO
:HDUHQRZDEOHZLWKWKHKLJKUHVROXWLRQGHHSWRZGDWDWRSURYLGHDSUHFLVHDQDO\VLVRIWKH
PDJQHWLFVLJQDOZLWKWKHUHVSHFWWRWKHJHRORJLFDOQDWXUHRIWKHVHDÀRRU:HFRQ¿UPDVREVHUYHGE\
6HDUOHDQG%UDOHHLQWKLVUHJLRQWKDWGHVSLWHDQXOWUDVORZVSUHDGLQJUDWHPDULQHPDJQHWLF
DQRPDOLHVDUHVWLOOZHOOLGHQWL¿DEOHDERYHYROFDQLFVHDÀRRU+RZHYHUWKHVHLGHQWL¿FDWLRQVDUHPRUH
GLI¿FXOW DERYH WKHH[KXPHGPDQWOHGRPDLQVZKHUH WKHPDJQHWLFSDWWHUQV LVKLJKO\YDULDEOH IURP
RQHSUR¿OHWRDQRWKHU7KLVLVZHOOLOOXVWUDWHGLQRXUVWXGLHGFRUULGRUVZKHUHFORVHO\VSDFHGPDJQHWLF
SUR¿OHV VKRZ D YHU\ KHWHURJHQHRXV PDJQHWLF VLJQDO ([FHSW IRU DQRPDO\  D VLPSOH VHDÀRRU
VSUHDGLQJPRGHOFDOLEUDWHGRQOLQHGRHVQRW¿WWKHPDJQHWLFDQRPDO\SDWWHUQHYHQIRUWKHFHQWUDO
DQRPDO\)LJXUH0RUHRYHUDOWKRXJKWKHH[KXPHGPDQWOHGRPDLQVDUHH[SHFWHGWREHIRUPHGE\
DV\PPHWULFDOGHWDFKPHQWIDXOWLQJWKHUHLVQRHYLGHQFHIRUODWHUDOGLVFRQWLQXLW\EHWZHHQH[KXPHG
mantle areas and symmetrically accreted volcanic crust for which ages of accretion are quite well 
FRQVWUDLQHGHJ&KURQV\RXQJHUWKDQ&6HDUOHDQG%UDOHH:HWKXVH[SHFWERWKDOWHUQDWLQJ
ÀLSÀRSH[KXPDWLRQDQGYROFDQLFDFFUHWLRQWREHTXLWHFRQWHPSRUDU\OHDGLQJWRDUHDVRQDEOHODWHUDO
FRQWLQXLW\LQWHUPVRIDJHEHWZHHQERWKW\SHVRIVHDÀRRU
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9.2. WHICH MAGNETIC SIGNATURE FOR WHICH SEAFLOOR?
9.2.1. &2175,%87,212)0$17/('(5,9('52&.6
7KHIHUURPDJQHWLFEHKDYLRURIVHUSHQWLQL]HGSHULGRWLWHVKDVEHHQVKRZQWREHGLUHFWO\OLQNHG
WRWKHVHUSHQWLQL]DWLRQSURFHVV7RIWHWDO0DJQHWLWHLVIRUPHGGXULQJVHUSHQWLQL]DWLRQIURP
WKHLQWHUDFWLRQEHWZHHQÀXLGVDQGIHUURPDJQHVLDQPLQHUDOVVXFKDVROLYLQHDQGS\UR[HQH$GHJUHHRI
VHUSHQWLQL]DWLRQODUJHUWKDQLVQHFHVVDU\IRUWKHDFTXLVLWLRQRIERWKVLJQL¿FDQWVXVFHSWLELOLW\DQG
1502X¿HWDO+RZHYHUKLJKO\YDULDEOH150VDUHREVHUYHGIURPRQH2'3VLWHWRDQRWKHU
DQGDOVREHWZHHQVDPSOHVGULOOHGLQDVLQJOH2'3+ROH2X¿HWDO,QRXUVWXG\DVLPLODU
PDJQHWLFEHKDYLRULVREVHUYHGIRUWKHGUHGJHGSHULGRWLWHV9DOXHVRI150DQGVXVFHSWLELOLW\FDQEH
VLJQL¿FDQWXSWR$P150IRURQHVDPSOHEXWDUHKLJKO\KHWHURJHQHRXV7KHVXVFHSWLELOLWLHV
DQG150YDOXHVLQRXUGUHGJHGVDPSOHVIDOOLQWKHORZHUUDQJHRIYDOXHVUHSRUWHGIRUGULOOHGDE\VVDO
SHULGRWLWHV2X¿HWDO+RZHYHURXUVDPSOHVVKRZVLPLODU.RHQLJVEHUJHUUDWLRVWRWKHVHRI
GULOOHGSHULGRWLWHVZKLFKUDUHO\H[FHHGDQGDUHVLJQL¿FDQWO\LQIHULRUWRWKRVHH[SHFWHGIRUWKHXSSHU
RFHDQLFFUXVWHJaWR0DUVKDOODQG&R[$OWKRXJKSHULGRWLWHRXWFURSLQJDWWKHVHDÀRRU
DUHVXEMHFW WR ORZWHPSHUDWXUHDOWHUDWLRQZHFRQVLGHU WKDW WKHPDJQHWLFSURSHUWLHVRI WKHGUHGJHG
SHULGRWLWHVDUHUHSUHVHQWDWLYHRIDPDJQHWLFVRXUFHOD\HULQWKHH[KXPHGPDQWOHGRPDLQV7KHKLJK
YDULDELOLW\LQ150LQWHQVLW\FRPELQHGZLWKWKHODUJHUDQJHRIVXVFHSWLELOLW\DQGORZ.RHQLJVEHUJHU
UDWLRPDNHWKLVOD\HURIVHUSHQWLQL]HGSHULGRWLWHPDJQHWLFDOO\ZHDNDQGYDULDEOH
7KHSUHVHQFHRIVXFKOD\HULVFRQ¿UPHGE\WKHKLJKUHVROXWLRQGHHSWRZSUR¿OHVZKLFKGLVSOD\
KLJKO\YDULDEOHPDJQHWLFSDWWHUQIURPRQHSUR¿OH WRDQRWKHUHYHQZKHUH WKH\DUHFORVHO\VSDFHG
0RUHRYHUWKHPDJQHWLFDQRPDOLHVREVHUYHGDERYHH[KXPHGPDQWOHDUHZHDN nT), and lack 
VKRUWZDYHOHQJWKDQRPDOLHVZKLFKVXJJHVWVGHHSHUPDJQHWLFVRXUFHVWKDQLQWKHYROFDQLFVHDÀRRU
,WZDVSRVVLEOHWRUHSURGXFHVRPHPDJQHWLFSDWWHUQXVLQJDLQGXFHGPDJQHWLFOD\HUEXWWKHZKROH
PDJQHWLFVLJQDOZDVQRWUHWULHYHGHVSHFLDOO\ZLWKLQWKHD[LDOGRPDLQ6LPLODUO\WKHVSUHDGLQJPRGHO
GRHVQRW¿WWKHREVHUYHGGDWD,WLVWKXVOLNHO\WKDWWKHVRXUFHFRPELQHERWKLQGXFHGDQGUHPDQDQW
PDJQHWL]DWLRQDQGYDU\IURPRQHORFDODUHDWRDQRWKHU
)XUWKHUPRUH LQ WKHZHVWHUQDQGPRUHPDJPDWLFSDUWRI WKH6:,5DVLJQL¿FDQWGHFUHDVH LQ
PDJQHWL]DWLRQSURGXFHVWKHGLVDSSHDUDQFHRIWKHPDJQHWLFUHYHUVDOSDWWHUQVLQWKHGHHSHVWSDUWVRI
ULGJHGLVFRQWLQXLWLHV6DXWHUHWDO7KLVREVHUYDWLRQZDVOLQNHGWRWKHWKLQQLQJRIWKHXSSHUSDUW
RIWKHRFHDQLFFUXVWGXHWRDGHFUHDVLQJPDJPDWLFEXGJHWWRZDUGWKHVHJPHQWHQGV,WKDVDOVREHHQ
VKRZQDW WKH0$51ZLWKLQDKLJKO\FRPSOH[DFFUHWLRQFRQWH[WFRPELQLQJGHWDFKPHQW
IDXOWLQJDQGIUHVKO\HUXSWHGVHDÀRRUWKDWWKHPDJQHWLFSDWWHUQFRXOGEHVLJQL¿FDQWLQDPSOLWXGHEXW
KLJKO\KHWHURJHQHRXVRQDVFDOHRIaNP0DOORZVOHDGLQJWRGLI¿FXOWLHVLQWKHLGHQWL¿FDWLRQ
RI WKHVSUHDGLQJDQRPDOLHVHYHQIRU WKH ODUJH%UXQKHVFHQWUDOUHYHUVDO7KLVIXUWKHUVXJJHVWV WKDW
D VXI¿FLHQWO\ KRPRJHQHRXV XSSHU FUXVW LV UHTXLUHG WR SURGXFH ZHOO GHYHORSHG PDULQH PDJQHWLF
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CHAPITRE 2: LA DORSALE SUD-OUEST INDIENNE
DQRPDOLHV DQG WKDW LQ WKH DEVHQFHRI WKLVPDLQPDJQHWLF VRXUFHPDGHRI H[WUXVLYH DQGSHUKDSV
LQWUXVLYHPDWHULDOH[KXPHGVHUSHQWLQL]HGSHULGRWLWHVDUHQRWVXI¿FLHQWO\XQLIRUPPDJQHWLFVRXUFHV
WRSURGXFHXQGLVSXWDEOHVHDÀRRUVSUHDGLQJPDJQHWLFDQRPDOLHV
9.2.2. &2558*$7('6($)/225$1'7+(0$*1(7,&6,*1$/
$FRUUXJDWHG VXUIDFH LV REVHUYHGEHORZ WKH LQGHWL¿HG DQRPDO\& WRZDUG WKHQRUWK HQGRI
SUR¿OHVDQGLQWKHHDVWHUQFRUULGRU7KLVDUHDLVVWURQJO\PDJQHWL]HGXSWR$P)LJXUH
2 and 3) and displays high amplitude magnetic anomaly up to 450 nT. This corrugated surface is 
VXUURXQGHGE\OLQHDWHGYROFDQLFWHUUDLQVDQGWKHFRQMXJDWHDQRPDO\&RQWKHRSSRVLWHÀDQNZDV
LGHWL¿HGRYHUZHOOHVWDEOLVKHGYROFDQLFFUXVW7KLVREVHUYDWLRQWRJHWKHUZLWKDIUHTXHQWUHFRYHU\RI
JDEEURLQWKLVDUHD6DXWHUHWDOVXJJHVWVWKDWWKHDQRPDO\&ZDVHPSODFHGLQDPRUHUREXVW
PDJPDWLFDFFUHWLRQFRQWH[WEHIRUHRUMXVWDWWKHRQVHWRIFRQWLQXRXVPDQWOHH[KXPDWLRQ:HWKXV
VSHFXODWHWKDWLQWKLVSDUWLFXODUDUHDWKHPDJQHWL]DWLRQLVFDUULHGE\H[WUXVLYHRULQWUXVLYHPDWHULDO
rather than peridotites.
9.2.3. 92/&$1,&6($)/225$1'7+(0$*1(7,&6,*1$/
6RPHVPDOOYROFDQLFSDWFKHVKDYHEHHQ LGHQWL¿HGUHVSHFWLYHO\ MXVWQRUWKRI WKHD[LDOYDOOH\
RIWKHZHVWHUQFRUULGRUDQGZLWKLQWKHD[LDOUHJLRQRIWKHHDVWHUQFRUULGRU)LJXUH,WLVQRWFOHDU
ZKHWKHU WKLVH[WUXVLYHPDWHULDODFFRXQWVIRUPDJQHWL]DWLRQKLJKHU WKDQRYHU WKHVPRRWKH[KXPHG
PDQWOHVHDÀRRU7KHPDJQHWLFGDWDUDWKHUFRQ¿UPWKHLQWHUSUHWDWLRQRI6DXWHUHWDOEDVHGRQ
GHHSWRZVRQDULPDJHVWKDWWKHVHYROFDQLFVDUHYHU\WKLQÀRZVQRWH[FHHGLQJDKXQGUHGPHWHUVRI
WKLFNQHVVDQGWKXVKDYHLQVXI¿FLHQWYROXPHWREHLGHQWL¿HGE\WKHGHHSWRZPDJQHWRPHWHU
9.2.4. 0$5,1(0$*1(7,&$120$/,(6$72&7
³)OLSÀRS´PDQWOHH[KXPDWLRQLVRQHRIWKHSURSRVHGPHFKDQLVPUHVSRQVLEOHIRUWKHIRUPDWLRQ
RI WKH WUDQVLWLRQDOGRPDLQV DWPDJPDSRRU ULIWHGFRQWLQHQWDOPDUJLQVZKHUH VHUSHQWLQL]HGPDQWOH
URFNV KDYH EHHQGULOOHG 7XFKRONH DQG6LEXHW  6LEXHW HW DO  SURSRVHG WKDW D VWURQJ
PDJQHWL]DWLRQXSWR$PFDQEHSURGXFHGE\WKHVHUSHQWLQL]DWLRQRIDWRNPWKLFNIUDFWXUHG
OD\HUZLWKLQ WKH URRW RI DQ DFWLYH GHWDFKPHQW IDXOW H[KXPLQJ VHUSHQLQL]HG SHULGRWLWHV%DVHG RQ
150 LQWHQVLW\PHDVXUHG LQ 2'3 KROHV DW WKH ,EHULDPDUJLQ WKHVH DXWKRUV DUJXHG WKDW WKLV ¿UVW
VHUSHQWLQL]DWLRQSKDVHLVVXI¿FLHQWWRSUHVHUYHWKHSRODULW\RIWKHDPELHQWPDJQHWLF¿HOG7KH\VXSSRUW
WKDWRQO\WKHXSSHUWHQPHWHUVEHORZWKHVHDÀRRULVDIIHFWHGE\FROGZDWHUDOWHUDWLRQWKDWSURGXFHV
LQFRKHUHQWPDJQHWLFSURSHUWLHV$W WKH HDVWHUQSDUWRI WKH6:,5 D VLPLODU ³ÀLSÀRS´PHFKDQLVP
LV VXJJHVWHG WR DFFRPPRGDWH WKHSODWH VHSDUDWLRQ'HWDFKPHQW IDXOWLQJÀLSSLQJ IURPRQH VLGHRI
WKHULGJHD[LV WR WKHRWKHUZLWKLQD WLPHVFDOHRI WR 0D6DXWHUHWDOZRXOGSURYLGHD
mechanism compatible with the recording of a symmetrical magnetic pattern. At least long polarity 
UHYHUVDOVVXFKDV&FRXOGEHLGHQWL¿DEOHDWERWKXOWUDVORZVSUHDGLQJULGJHVDQG2&7V+RZHYHU
ERWKH[KXPHGPDQWOHGRPDLQVRI WKH6:,5DQG WKH WUDQVLWLRQ]RQHVRI WKH ,EHULD1HZIRXQGODQG
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PDUJLQV DUH FKDUDFWHUL]HG E\ DZHDN DQG LOOGH¿QHGPDJQHWLF VLJQDO$W WKHVHPDUJLQV RQO\ WKH
VHDZDUG WHUPLQDWLRQ RI WKH H[KXPHGPDQWOH GRPDLQ LV DVVRFLDWHGZLWK D VOLJKWO\ OLQHDU DQG KLJK
amplitude (up to 1000 Q7PDJQHWLFDQRPDO\³-DQRPDO\´7KLVDQRPDO\LVLQWHUSUHWHGDVWKHHQGRI
WKH0VHTXHQFHRIVSUHDGLQJDQRPDOLHVDQGLWVDPSOLWXGHZDVH[SODLQHGE\DVWURQJO\VHUSHQWLQL]HG
FUXVW6ULYDVWDYDHWDO
+RZHYHUQRFOHDUFHQWUDODQRPDO\LVREVHUYHGRYHUWKHH[KXPHGPDQWOHDUHDVRIWKH6:,5
QHLWKHUZKHUHDFWLYHGHWDFKPHQWIDXOWLQJLVLGHQWL¿HGQRURQWKHÀDQNV7KLVOHDGVWRWKHFRQFOXVLRQ
WKDWWKHVHUSHQWLQL]DWLRQSURFHVVLVQRWVXI¿FLHQWO\KRPRJHQHRXVWRSURGXFHVWDEOHODUJHUHPDQHQW
PDJQHWL]DWLRQ DV LW GHSHQGV VWURQJO\ RQ WKH ÀXLGURFN LQWHUDFWLRQ WKH WHPSHUDWXUH WKH PLQHUDO
FRPSRVLWLRQ DQG WKH WHFWRQLF FRQWH[W7KHUHIRUH LQ YLHZRI WKH ORZPDJQHWL]DWLRQRI WKH IUHVKO\
VHUSHQWLQL]HGURFNDWWKH6:,5LWLVXQOLNHO\WKDWVWURQJPDJQHWLFDQRPDOLHVFRXOGEHUHODWHGVROHO\
WRVHUSHQWLQL]DWLRQWKLVZRXOGEHHYHQPRUHWUXHDW!0DROG2&7V6LEXHWHWDO7KLV
LQVWHDGVXSSRUWV WKHK\SRWKHVHVWKDW LQWUXVLYHRUH[WUXVLYHPDWHULDO LVUHTXLUHG%URQQHUHWDO
5XVVHOO DQG:KLWPDUVK WR DFFRXQW IRU D VLJQL¿FDQWPDJQHWLF VLJQDO LQ WKHH[KXPHG
PDQWOH GRPDLQV RI2&7V DQG WKDW  WKH LQWHUSUHWDWLRQ RI WKLV VLJQDO DV UHVXOWLQJ IURP VHDÀRRU
spreading is precluded in the absence of a homogeneous and well established upper oceanic crust. 
Consequently, the kinematic reconstructions of magma poor passive margins using weak anomalies 
LGHQWL¿HGRYHUH[KXPHGPDQWOHGRPDLQVQHHGWREHWDNHQZLWKFDXWLRQ
10. CONCLUSION
:H KDYH LQYHVWLJDWHG WKH PDJQHWLF VWUXFWXUH RI QHZO\ GLVFRYHUHG ODUJH H[KXPHG PDQWOH
GRPDLQVRIWKH6:,56DXWHUHWDOFRPELQLQJKLJKUHVROXWLRQVLGHVFDQVRQDULPDJHVGHHS
WRZPDJQHWLFGDWDDQGUHVXOWVIURPGUHGJHVDPSOLQJ:HVKRZWKDWWKHVHDÀRRUVSUHDGLQJPDJQHWLF
SDWWHUQGLVDSSHDUVIURPWKHYROFDQLFVHDÀRRUWRZDUGWKHH[KXPHGPDQWOHGRPDLQV)RUZDUGPRGHOOLQJ
DOORZVDUHDVRQDEOH¿WWRWKHREVHUYHGPDJQHWLFDQRPDOLHVRYHUWKHYROFDQLFVHDÀRRU+RZHYHUWKH
lack of a central magnetic anomaly and the highly heterogeneous and weak magnetic pattern observed 
DERYH H[KXPHGPDQWOHGHULYHG URFNV SUHYHQWV DQ\ LGHQWL¿FDWLRQ RI SRODULW\ UHYHUVDOV0RUHRYHU
DQDO\VLVRIWKHPDJQHWLFSURSULHWLHVRIWKHGUHGJHVDPSOHVVKRZVWKDWVHUSHQWLQL]HGSHULGRWLWHVDUH
KLJKO\YDULDEOHPDJQHWLFVRXUFHV:HFRQFOXGHWKDWWKHVHUSHQWLQL]DWLRQSURFHVVLVQRWVXI¿FLHQWO\
KRPRJHQHRXV WR SURGXFH D VLJQL¿FDQW VWDEOH PDJQHWL]DWLRQ DW WKH VFDOH RI WKH H[KXPHG PDQWOH
GRPDLQVRIWKH6:,5:HIXUWKHUVXJJHVWWKDWDKRPRJHQRXVYROFDQLFFUXVWDVVRFLDWHGZLWKPLQRU
WHFWRQLFDFWLYLW\LVUHTXLUHGWRUHFRUGZHOOGH¿QHGVHDÀRRUVSUHDGLQJPDJQHWLFOLQHDWLRQV
CHAPITRE 3: QUELLE EST L’ORIGINE DU SIGNAL 
MAGNÉTIQUE ASSOCIÉ À LA TRANSITION OCÉAN-
CONTINENT DES MARGES IBÉRIE/TERRE-NEUVE?
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C
HWWHWURLVLqPHSDUWLHV¶LQWpUHVVHjO¶pWXGHGHVPDUJHVFRQMXJXpHV,EpULH7HUUH1HXYH'DQV
FHVGHX[ UpJLRQVGXJOREH OD UpFHQWHGpFRXYHUWHG¶XQH ODUJH]RQHGH WUDQVLWLRQ !
NPDXVXGNPDXQRUGSRVHODTXHVWLRQGHODQDWXUHGHODOLPLWHHQWUHOHFRQWLQHQWHWO¶RFpDQ
En effet, cette limite est traditionnellement représentée par l’apparition de la première anomalie 
PDJQpWLTXHG¶DFFUpWLRQRFpDQLTXH&RPPHVXUODGRUVDOH6XG2XHVW,QGLHQQHFHWWH]RQHGHWUDQVLWLRQ
HVWSULQFLSDOHPHQWFRQVWLWXpHGHURFKHVPDQWHOOLTXHVH[KXPpHVDVVRFLpHVjXQVLJQDOPDJQpWLTXHGH
IDLEOH DPSOLWXGHHWGH IDLEOH FRQWLQXLWp VSDWLDOH'HSOXV OHV IRUDJHV2'3PRQWUHQWTX¶XQH ODUJH
SRUWLRQ GH FHWWH WUDQVLWLRQ UpVXOWH G¶XQPDJPDWLVPH GH W\SH DOFDOLQ FRPSOH[H HW SRO\SKDVp DORUV
TXHOHPDJPDWLVPHGHW\SH025%FDUDFWpULVWLTXHGHVGRUVDOHVRFpDQLTXHVQ¶HVWSUpVHQWTXHGDQV
ODSDUWLH ODSOXVGLVWDOHGH OD WUDQVLWLRQ-DJRXW]HWDO/DQDWXUHGHVURFKHVHW OHFDUDFWqUH
SRO\SKDVpGXPDJPDWLVPHREVHUYp j OD WUDQVLWLRQRFpDQFRQWLQHQWGHVPDUJHV ,EpULH7HUUH1HXYH
posent donc la question de la nature des anomalies magnétiques qui y sont observées.
Dans ce chapitre nous mettons en parallèle les données d’anomalies magnétiques et les 
FRXSHVGHVLVPLTXHUpIUDFWLRQHWUpÀH[LRQGLVSRQLEOHVVXUFHVGHX[PDUJHV1RXVPRQWURQVTXHOD
SUHPLqUH DQRPDOLH FODLUHPHQW LGHQWL¿DEOH O¶DQRPDOLH © - ª SUpFpGHPPHQW LQWHUSUpWpH FRPPH OD
VXSHUSRVLWLRQGHVLVRFKURQHV000DHVWDVVRFLpHjXQHVWUXFWXUHFUXVWDOHSDUWLFXOLqUH
appelée «outer high» et caractérisée par un haut topographique accompagné d’un épaississement 
FUXVWDO(QV¶DSSX\DQWHQVXLWHVXU OHVGRQQpHVGHIRUDJHV2'3VLWHQRXVSURSRVRQVTX¶XQ
pYpQHPHQWPDJPDWLTXHjODWUDQVLWLRQ$SWLHQ$OELHQa0DSHQGDQWODSpULRGHPDJQpWLTXHFDOPH
GX&UpWDFpj0DHVWjO¶RULJLQHGHODFUpDWLRQGHFHWWHVWUXFWXUH1RXVSURSRVRQV¿QDOHPHQW
que cet événement magmatique entraîne la mise en place de la première croûte océanique et donc 
OH SDVVDJH G¶XQ UpJLPH G¶H[KXPDWLRQ YHUV XQ UpJLPH G¶DFFUpWLRQ IRFDOLVp j O¶D[H GH OD QRXYHOOH
GRUVDOHRFpDQLTXH/¶DQRPDOLH -Q¶HVWGRQFSOXV LQWHUSUpWpHFRPPH UpVXOWDQWHG¶XQH LQYHUVLRQGX
champ magnétique mais comme une anomalie liée à un événement magmatique responsable de la 
UXSWXUHFRQWLQHQWDOH/DGDWDWLRQGHFHWpYpQHPHQWQRXVSHUPHW¿QDOHPHQWGHUDMHXQLUO¶RXYHUWXUHGH
O¶$WODQWLTXH1RUGGH0DSDUUDSSRUWjFHTXHVXJJpUDLHQWOHVPRGqOHVSUpFpGHQWVFHTXLSRXUUDLW
H[SOLTXHUFHUWDLQHVLQFRQVLVWDQFHVGDQVOHVSUpFpGHQWHVUHFRQVWUXFWLRQVFLQpPDWLTXHVGHFHWWHUpJLRQ
du globe.
&HWUDYDLODpWpSXEOLpGDQVODUHYXH©1DWXUH*HRVFLHQFHªVRXVODUpIpUHQFHVXLYDQWH
%URQQHU$ 6DXWHU '0DQDWVFKDO * 3HURQ3LQYLGLF * DQG0XQVFK\0 0DJPDWLF
EUHDNXS DV DQ H[SODQDWLRQ IRUPDJQHWLF DQRPDOLHV DWPDJPDSRRU ULIWHGPDUJLQV1DWXUH
*HRVFLHQFH
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Dans ce troisième chapitre, nous avons décidé d’inclure cette publication dans sa version 
antérieure à celle publiée dans le journal ainsi que le commentaire auquel elle a donné lieu. En effet, 
à la demande de l’un des reviewers, en raison d’une interprétation controversée concernant la nature 
GHOD]RQHGHWUDQVLWLRQOHORQJGXSUR¿O6FUHHFKOHPRGqOHDVVRFLpDGrWUHUHWLUp'HSOXVFHWWH
SXEOLFDWLRQDGRQQpOLHXjXQFRPPHQWDLUH7XFKRONHDQG6LEXHWDXTXHOQRXVDYRQVUpSRQGX
%URQQHUHWDO&HVGHX[SRLQWVGHYXHVRQWSUpVHQWpVHWGLVFXWpVHQ¿QGHFKDSLWUH
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Magmatic break-up as an explanation for magnetic anomalies at magma poor 
rifted margins
Adrien Bronner1, Daniel Sauter1, Gianreto Manatschal11, Gwenn Péron-Pinvidic2 and Marc 
Munschy1
1Institut de Physique du Globe de Strasbourg, IPGS - UMR 7516, CNRS - Université de Strasbourg, 1 rue Blessig 67084 
Strasbourg cedex,
2NGU, Geological Survey of Norway, Leiv Eirikssons vei 39, 7491 Trondheim, Norway,*Contact: a.bronner@unistra.fr
In classical plate tectonic models, continental break-up is abrupt, resulting in a sharp contact 
between continental and oceanic crusts. ;e discovery of a wide transitional domain, partly 
composed of exhumed subcontinental mantle, at magma poor ri^ed margins radically chan-
ged this view. At present, the de<nition of break-up as well as its timing and location remain 
debated. ;e sea>oor spreading origin of the magnetic anomalies discovered in the transitio-
nal domain is particularly questioned. Here we propose an alternative model based on forward 
modelling of magnetic anomaly pro<les using seismic and drill hole data of the Iberia-Newfoun-
dland margins. We show that the main magnetic anomaly (J anomaly), located at the seaward 
edge of the transitional domain, is associated with both a basement high and a thick crust and 
can be explained by excess magma associated with the emplacement of lava >ows and underpla-
ted bodies on top and below the exhumed mantle, respectively. We therefore suggest that the J 
anomaly is not a sea>oor-spreading anomaly but is the signature of the break-up that triggered 
oceanic spreading at the Aptian-Albian transition (~112 Ma). As a result, the paleogeographic 
position of Iberia during early Cretaceous time needs to be revised.
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1. HOW ROBUST IS THE IDENTIFICATION OF THE M SEQUENCE OF MAGNETIC ANO-
MALIES AT THE IBERIA – NEWFOUNDLAND CONJUGATED MARGINS?
$WWKH,EHULD±1HZIRXQGODQGULIWV\VWHPWKHVHDZDUGHGJHRIWKHRFHDQFRQWLQHQWWUDQVLWLRQ
2&7LVFKDUDFWHUL]HGE\DODUJHDPSOLWXGHPDJQHWLFDQRPDO\WKH-DQRPDO\,WLVLQWHUSUHWHGDVWKH
EHJLQQLQJRIWKH0VHTXHQFHRIVHDÀRRUVSUHDGLQJPDJQHWLFDQRPDOLHV00ZKLFKKDYHEHHQ
LGHQWL¿HGXSWRDQRPDO\0LQWKH1HZIRXQGODQGEDVLQ1%DQGWKH,EHULD$E\VVDO3ODLQ,$3
6ULYDVWDYDHWDO)LJXUH+RZHYHUWKHVRXUFHVIRUWKHVHPDJQHWLFDQRPDOLHVDUHGHEDWHGDV
WKH\ZHUHQRWLGHQWL¿HGRYHUW\SLFDORFHDQLFFUXVWEXWRYHUH[KXPHGPDQWOH5XVVHOODQG:KLWPDUVK
6LEXHWHWDODQGWKLQQHGFRQWLQHQWDOFUXVW)XQFNHWDO7KH\DUHWKRXJKWWREH
FDXVHGHLWKHUE\VHUSHQWLQL]HGSHURGRWLWHV6LEXHWHWDORUE\PDJPDWLFLQWUXVLRQV5XVVHOODQG
:KLWPDUVK:KLOH6LEXHWHWDOVXJJHVWHGWKDWWKH0VHTXHQFHRIPDJQHWLFDQRPDOLHV
XS WR0 UHVXOWV IURPPDQWOH H[KXPDWLRQDW DQXOWUDVORZVSUHDGLQJ ULGJH &DQQDW HW DO 
5XVVHODQG:KLWPDUVK5XVVHOODQG:KLWPDUVKIRXQGQRHYLGHQFHIRUDQRPDOLHVIRUPHGE\
VHDÀRRUVSUHDGLQJEHIRUH0U
Figure 1 : 
$OWKRXJKWKH0VHTXHQFHRIPDJQHWLFDQRPDOLHVLQWKH1%DQG,$3LVFOHDUO\GLIIHUHQWIURP
VWDQGDUG VHDÀRRU VSUHDGLQJ PDJQHWLF DQRPDOLHV LW KDV EHHQ H[WHQVLYHO\ XVHG WR FRQVWUDLQ WKH
SRVLWLRQRI,EHULDUHODWLYHWRWKHDGMDFHQWSODWHV6ULYDVWDYDHWDO6LEXHWHWDO7KH0
UHFRQVWUXFWLRQ0DVKRZVDJDSEHWZHHQHDVWHUQ,EHULDDQG(XURSHLQWKHVSDFHQRZRFFXSLHG
E\WKH3\UHQHHV6ULYDVWDYDHWDO6LEXHWHWDO7KLVJDSZDVFORVHGE\$OELDQWLPHDV
DFRQVHTXHQFHRIDFRXQWHUFORFNZLVHURWDWLRQRI,EHULD*RQJHWDO7KLVLPSOLHVaNPRI
FRQYHUJHQFHEHWZHHQHDVWHUQ,EHULDDQG(XURSHLQWKHHDUO\&UHWDFHRXV6LEXHWHWDOWKHUHIRUH
VXJJHVWHG WKDW WKH 3\UHQHDQ EDVLQV GHYHORSHG DERYH D QRUWKGLSSLQJ VXEGXFWLQJ VODE +RZHYHU
WKLVDSSHDUV WREH LQFRQVLVWHQWZLWKJHRSK\VLFDOREVHUYDWLRQV 6RXULDXHWDO2QHSRVVLEOH
LPSOLFDWLRQRIWKHVHREVHUYDWLRQVLVWKDWWKHLQIHUUHGSDOHRJHRJUDSKLFSRVLWLRQRI,EHULDUHODWLYHWR
1HZIRXQGODQGGXULQJHDUO\&UHWDFHRXVPD\QHHGUHYLVLRQ
2. THE J ANOMALY: THE MAGNETIC SIGNATURE OF A MAGMATIC EVENT
6RXWKRIWKH1%WKH-DQRPDO\LVYLHZHGDVDQXQGLVSXWHGVHDÀRRUVSUHDGLQJPDJQHWLFDQRPDO\
5DELQRZLW]HWDODOWKRXJKLWGLVSOD\VXQXVXDOO\KLJKDPSOLWXGHV!Q7)LJXUH,WLV
FRLQFLGHQWZLWKDEDVHPHQWULGJHWKH-DQRPDO\5LGJHWKDWLVFKDUDFWHUL]HGE\DQDQRPDORXVO\WKLFN
OD\HU%HYLGHQFHIRUVXEDHULDOH[SRVXUHRIEDVDOWVDQGXSSHU%DUUHPLDQWRHDUO\$OELDQVKDOORZ
ZDWHUFDUERQDWHV'HHS6HD'ULOOLQJ3URMHFW+ROH)LJXUH7XFKRONHDQG/XGZLJ1RUWK
RIWKH6RXWKHDVW1HZIRXQGODQGULGJHWKH-DQRPDO\LVOHVVZHOOGHYHORSHG5DELQRZLW]HWDO
)LJXUH,QWKH,$3WKH-DQRPDO\IROORZVWKHDOLJQPHQWRIVHDPRXQWVRIWKH0DGHLUD7RUH5LVH
5DELQRZLW]HWDOZKLFKKDVEHHQSURSRVHGWREHEXLOWXSE\ODUJHDONDOLQHPDJPDWLFSXOVHV
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RIODWH&UHWDFHRXVWLPHV0D0HUOHHWDODQGVLJQL¿FDQWXQGHUSODWLQJRIXQNQRZQ
DJH3HLUFHDQG%DUWRQ1RUWKRIWKH0DGHLUD7RUH5LVHWKH-DQRPDO\LVDVVRFLDWHGZLWKD
WRSRJUDSKLFKLJKDWWKHVHDZDUGHGJHRIWKH2&7UHIHUUHGWRDVDQRXWHUKLJK3pURQ3LQYLGLFHWDO
%RWKWKHDPSOLWXGHRIWKH-DQRPDO\DQGWKHGLVWDQFHEHWZHHQ-DQGDQRPDO\&GHFUHDVHV
QRUWKZDUGLQWKH1%DQG,$3)LJXUH
'ULOOKROHVWKDWVDPSOHGWKLVRXWHUKLJKLQWKH1%DQG,$32FHDQ'ULOOLQJ3URJUDP2'36LWHV
DQGSHQHWUDWHGH[KXPHGPDQWOHZLWKLQWUXVLYHDQGH[WUXVLYHPD¿FPDWHULDOLQGLFDWLQJWKDW
PDJPDWLFDFWLYLW\KDVEHHQSHUVLVWHQWIURPa0DWRa0D-DJRXW]HWDO7KLVRXWHUKLJK
DQGKHQFHWKH-DQRPDO\FRUUHVSRQGWRDQDUHDRIWKLFNHUFUXVWDVLQGLFDWHGE\ZLGHDQJOHVHLVPLF
VXUYH\V 9DQ$YHQGRQNHWDO )LJXUH$OWKRXJKZHFDQQRWH[FOXGH WKDW WKLV WKLFNHQLQJ
PD\EHUHODWHGWRVHUSHQWLQL]DWLRQZHVXJJHVWWKDWLWLVEHWWHUH[SODLQHGE\DPDMRUPDJPDWLFHYHQW
WKDWXQGHUSODWHGDQGLQWUXGHGSUHYLRXVO\H[KXPHGDQGVHUSHQWLQL]HGVXEFRQWLQHQWDOPDQWOH6XFKD
Figure 1 :Magnetic anomaly maps and location of the Iberia-Newfoundland margin system. a, location map. 
7KLQEODFNOLQHVLQGLFDWHWKHVHLVPLFDQGPDJQHWLFDQRPDO\SUR¿OHVXVHGLQWKLVVWXG\UHGGRWVLQGLFDWH2'3VLWHVb, 
*HRPDJQHWLFSRODULW\WLPHVFDOHRI2JJDQG6PLWKXVHGWKURXJKRXWWKLVSDSHUc, Magnetic anomaly map of the 
1HZIRXQGODQGPDUJLQ4XHVQHOHWDOd,0DJQHWLFDQRPDO\PDSRIWKH,EHULDPDUJLQ4XHVQHOHWDO7KLQ
EODFNOLQHVLQGLFDWHEDWK\PHWULFFRQWRXUV&LQGLFDWHWKHORFDWLRQRIWKH¿UVWXQGLVSXWHGVHDÀRRUVSUHDGLQJPDJQHWLF
anomaly. J and the thin white parallel lines indicate the location of the J anomaly. 
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K\SRWKHVLVLVIXUWKHUVXSSRUWHGE\GULOOLQJRIKLJKO\GLIIHUHQWLDWHGPDJPDWLFYHLQVDW2'36LWH
LQGLFDWLQJWKDWODUJHPDJPDUHVHUYRLUVH[LVWDWGHSWK-DJRXW]HWDO6HLVPLFUHÀHFWLRQGDWD
VKRZWLOWHG$SWLDQVWUDWDRQODSSHGE\$OELDQVHGLPHQWVRQ WKHFRQWLQHQWVLGHRI WKHRXWHUKLJK LQ
WKH1%)LJXUHDQGGULOOLQJDWWKHKLJKUHFRYHUHGWXUELGLWHVDQGGHEULVÀRZVLQFOXGLQJUHZRUNHG
PDQWOHURFNVLQWHUOD\HUHGZLWKEDVDOWÀRZV3pURQ3LQYLGLFHWDO7KLVDUJXHVIRUDVLJQL¿FDQW
WHFWRQLFXSOLIW DFFRPSDQLHGE\DPDJPDWLF HYHQW DW WKH$SWLDQ$OELDQ WUDQVLWLRQ a0D7KH
widespread distribution of Albian igneous sills, intruded at very shallow levels within the sedimentary 
FRYHULQWKH1%3HURQ3LQYLGLFHWDOWRJHWKHUZLWKQXPHURXV&UHWDFHRXVVHDPRXQWV0HUOHHW
DODUJXHIRURQJRLQJPDJPDWLVPDIWHUWKLVHYHQW:HWKHUHIRUHVSHFXODWHWKDWWKH-DQRPDO\LQ
WKH1%DQG,$3FDQEHH[SODLQHGE\PD¿FSOXWRQVDQGRUVLOOVLQWUXGHGDWGHSWKDQGODYDÀRZVDWWKH
VXUIDFHDWWKH$SWLDQ$OELDQERXQGDU\7KLVPDJPDWLFHYHQWPD\EHDWWKHRULJLQRIFUXVWDOEUHDNXS
DQGRQVHWRIVWHDG\VWDWHVHDÀRRUVSUHDGLQJ
Figure 2 : Interpretation of seismic data along SCREECH line 2 showing the thickening of the crust beneath the 
outer-high6HLVPLFGDWD6KLOOLQJWRQHWDO9DQ$YHQGRQNHWDO9DQ$YHQGRQNHWDOVKRZWKDWWKH
-DQRPDO\RFFXUVZKHUHWKHFUXVWVWDUWVWRWKLFNHQDQGWKHWRSEDVHPHQWVWDUWVWRULVH/RFDWLRQRIWKHVLOOVLVIURP3pURQ
3LQYLGLFet al.$JHVLQ2'36LWHVDQGDUHIURP-DJRXW]et al.DQG7XFKRONHDQG6LEXHW
0DJQHWLFDQRPDOLHVDUHIURP6ULYDVWDYDet al.7KHLQVHWVKRZVWKHRYHUWLOWHGVHUSHQWLQL]HGEHGURFNDQG$SWLDQ
VWUDWDRQODSSHGE\$OELDQVHGLPHQWVUHVXOWLQJIURPWKHWHFWRQLFDQGPDJPDWLFHYHQWDWWKH$SWLDQ$OELDQWUDQVLWLRQ
3. FORWARD MODELING OF MAGNETIC ANOMALY PROFILES
:HXVHPDJQHWLFDQRPDO\IRUZDUGPRGHOOLQJEDVHGRQUHÀHFWLRQDQGUHIUDFWLRQVHLVPLFGDWDWR
YDOLGDWHWKLVVSHFXODWLRQVHHWKH0HWKRGVVHFWLRQDQG6XSSOHPHQWDU\0HWKRGVIRUGHWDLOV$PRQJ
WKHPDMRUVHLVPLFSUR¿OHVFURVVLQJWKH-DQRPDO\ZHFKRVH6&5((&+OLQHLQWKH1%WRLOOXVWUDWH
WKHUHVXOWVRIWKHPRGHOOLQJ)LJXUHDQG6XSSOHPHQWDU\)LJXUHIRUWKHPRGHOOLQJRI6&5((&+
OLQHDQG ,W LV WKHRQO\VHFWLRQDFURVVDQ2&7ZRUOGZLGHZKHUHUHÀHFWLRQ6KLOOLQJWRQHWDO
2006) and refraction (Van Avendonk et al., 2006) seismic data and drill hole data (Tucholke and 
6LEXHWDUHDYDLODEOH7KHORZDPSOLWXGHaQ7-DQRPDO\LQWKLVSUR¿OHFDQEHH[SODLQHG
E\WKHFRQWULEXWLRQRIWZRPDJQHWLFVRXUFHVZLWKRXWUHFRXUVHWRJHRPDJQHWLFUHYHUVDOV)LJXUH
7KHPDJQHWL]DWLRQFRQWUDVWDW WKH ODQGZDUGHGJHRI WKHJDEEURLFERG\DFFRXQWV IRU WKH UHODWLYHO\
wide J anomaly whereas the basement topography accounts for the superimposed smaller scale 
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DQRPDOLHV7KHVHDZDUGWHUPLQDWLRQRIWKHVLOOFRPSOH[SDUWO\JHQHUDWHVWKHZHDNDQRPDO\SUHYLRXVO\
LQWHUSUHWHGDVWKH0VHDÀRRUVSUHDGLQJDQRPDO\6ULYDVWDYDHWDOZKLOHWKHDQRPDO\RYHU
WKH ODQGZDUG WHUPLQDWLRQ KDV EHHQ SUHYLRXVO\ LQWHUSUHWHG DV WKH0 DQRPDO\ 6ULYDVWDYD HW DO
$OWKRXJKUHVWRUDWLRQVRIWKHSRVLWLRQRIWKH,EHULDSODWHEHIRUHWKH&DQRPDO\DUHGHEDWHG
WKH,$0SUR¿OH'HDQHWDOLQWKH,$3FDQEHFRQVLGHUHGDVDQDGHTXDWHFRQMXJDWHSUR¿OH
RI6&5((&+OLQH$ORQJWKH,$0SUR¿OHWKHGHHSJDEEURLFOD\HUSURSRVHGLQRXUPRGHODWWKH
HDVWHUQVLGHRI-FDQDFFRXQWIRUWKHVHDZDUGLUUHJXODUPDJQHWLFDQRPDO\LQFUHDVH)LJXUHZKLFK
KDVEHHQSUHYLRXVO\LQWHUSUHWHGDVWKH00VHDÀRRUVSUHDGLQJDQRPDO\VHTXHQFH6LEXHWHWDO
2007). This is in agreement with depth estimations of magnetic sources (at ߗ±NPGHSWKEHORZWKH
EDVHPHQWE\(XOHUGHFRQYROXWLRQDQGWKHLQYHUVLRQRISRZHUVSHFWUDLQWKHZHVWHUQSDUWRIWKH,$0
SUR¿OH5XVVHOODQG:KLWPDUVK$VWKHVHDZDUGHQGRIWKH,$0SUR¿OHDEXWVRQWRDODUJH
seamount, we attribute the steep western side and the high amplitude (>500 nT) of the J anomaly to 
WKHPDJQHWL]DWLRQFRQWUDVWEHWZHHQDWKLFNYROFDQLFOD\HUDQGWKHH[KXPHGVHUSHQWLQL]HGSHULGRWLWHV
4. DISCUSSION
:HWKXVSURSRVHWKDWDSHULRGRIH[FHVVPDJPDLVUHVSRQVLEOHIRUWKHIRUPDWLRQRIWKH-DQRPDO\
and suggest that the variable width and amplitude of the J anomaly result from the interplay between 
WKHH[WHQWRIODYDÀRZVDWWKHWRSRIWKHEDVHPHQWDQGWKHORFDWLRQRIXQGHUSODWHGPDJPDWLFERGLHVDW
GHSWK)LJXUH7KHQRUWKZDUGDPSOLWXGHGHFUHDVHRIWKH-DQRPDO\ZRXOGWKHQVXJJHVWWKDWWKHUHZDV
more magma delivered to the south and that the magma budget decreased northward. The northward 
decreasing distances between anomaly J and the seaward edge of the area of thinned continental crust 
DQGWKHQHDUHVWXQGLVSXWHGVHDÀRRULVRFKURQDQRPDO\&DOVRVXJJHVWDQRUWKZDUGSURSDJDWLRQ
:HWKHUHIRUHSURSRVHWKDWWKHSHULRGRIH[FHVVPDJPDWLVP¿UVWEHJDQLQWKHVRXWKRIWKH1%DQG,$3
DQGUHDFKHGWKHQRUWKHUQSDUW2'36LWHVDQGDWWKH$SWLDQ$OELDQWUDQVLWLRQa0D
7KHUHZHVSHFXODWHWKDWPD¿FSOXWRQVDQGRUVLOOVZHUHHPSODFHGEHQHDWKWKHVHUSHQWLQL]HGH[KXPHG
PDQWOH)LJXUH7KHLQWURGXFWLRQRIXQGHUSODWHGKRWPDWHULDOPD\KDYHUHVXOWHGLQWKHXSOLIWRID
WRSRJUDSKLFULGJHDQGWKHWLOWLQJRIWKHSUH$OELDQV\QULIWVHGLPHQWDU\VHTXHQFHV3pURQ3LQYLGLF
HWDO:KHUHPDJPDWLFSUHVVXUHZDVVXI¿FLHQWO\KLJKPDJPDLQMHFWLRQVZHUHDEOHWREUHDN
WKURXJKWKHGRPDLQRISUHYLRXVO\H[KXPHGVHUSHQWLQL]HGPDQWOHUHVXOWLQJLQERWKODYDÀRZVDWWKH
WRSEDVHPHQW DQG VLOO HPSODFHPHQW LQ WKH VHGLPHQWDU\ VHTXHQFH 3HURQ3LQYLGLFHW DO $W
some places, volcanic constructions overprinted the topographic high for as much as several millions 
RI\HDUV0HUOHHWDOREVFXULQJWKHRULJLQDOEDVHPHQWVWUXFWXUH)LJXUH([WHQVLRQZKLFK
was spatially distributed before this critical period, eventually focused at the distal margins and may 
EHDWWKHRULJLQRI¿QDOEUHDNXS7XFKRONHDQG6LEXHW
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Figure 3 :)RUZDUGPRGHOOLQJRIWKH6&5((&+OLQHLQWKH1HZIRXQGODQGEDVLQDQGWKH,$0SUR¿OHLQWKH
Iberia Abyssal Plain7KHFRQWULEXWLRQVRIWKUHHPDJQHWL]HGOD\HUVEDVDOWVVHUSHQWLQL]HGSHULGRWLWHVDQGJDEEURLFURFNV
H[SODLQWKHPDJQHWLFDQRPDO\SUR¿OHV7KHGRWWHGEOXHOLQHVLQGLFDWHWKHSDUWVRIWKHSUR¿OHVZKLFKDUHQRWPRGHOOHG
0DJQHWLFDQRPDOLHVDUHIURPE\6ULYDVWDYDet al. (2000) . a,0DJQHWLFPRGHORI WKH6&5((&+OLQHVXSHULPSRVHG
on the interpretation of the seismic velocity structure of van Avendonk et al. (2006); b,0DJQHWLFPRGHORIWKH,$0
SUR¿OHVXSHULPSRVHGRQWKHVHLVPLFYHORFLW\VWUXFWXUHRI'HDQet al.6HH6XSSOHPHQWDU\)LJXUHIRUWKHIRUZDUG
PRGHOOLQJRI6&5((&+OLQHVDQG
7KHH[FHVVPDJPDUHTXLUHGWRIRUPWKH-DQRPDO\ULGJHVRXWKRIWKH1%KDVEHHQDWWULEXWHG
WRWKHRFFXUUHQFHRIDPDQWOHSOXPHLQMHFWLQJPDJPDDORQJWKH0LG$WODQWLF5LGJH0$5a0\U
HDUOLHUWKDQLQWKH1%DWDERXW00WLPHV7XFKRONHDQG/XGZLJ%HFDXVHODUJHWUDQVIRUP
IDXOWVFDQLQKLELWDORQJD[LVPHOWÀRZ*HRUJHQDQG/LQWKHVHa0\UFRXOGFRUUHVSRQGWR
WKHWLPHQHHGHGIRUWKHKRWVXERFHDQLFDVWKHQRVSKHUHWRSDVVWKURXJKWKH1HZIRXQGODQG*LEUDOWDU
WUDQVIRUPIDXOWVSHQHWUDWHODWHUDOO\EHQHDWKWKH1HZIRXQGODQG±,EHULDULIW]RQH5HVWRQDQG0RUJDQ
 DQG SURGXFHPDJPD LQ H[FHVV WKDW ¿QDOO\ WULJJHUHG RFHDQLF VSUHDGLQJ7KLV HYHQW RI KLJK
PHOWGHOLYHU\FRLQFLGHVZLWKWKHRSHQLQJRIWKHVRXWKHUQ0$5DQGZLWKWKH0DROGFKDQJH
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CHAPITRE 3 : LES MARGES IBÉRIE/TERRE-NEUVE
RISODWHYHORFLW\REVHUYHGRQDJOREDOVFDOH7RUVYLNHWDO:HWKHUHIRUHVXJJHVWWKDWWKHUH
PLJKWEHDIHHGEDFNEHWZHHQWKLVPDMRUNLQHPDWLFUHRUJDQL]DWLRQDQGUHGLVWULEXWLRQRIDVWKHQRVSKHULF
masses beneath the nascent plate boundaries.
The processes inducing the production of large volumes of magma beneath an area that includes 
WKH6RXWKHDVW1HZIRXQGODQGDQG*LEUDOWDU$]RUHVULGJHV)LJXUHDQGWKHSURSDJDWLRQRIPDJPD
ERWKVRXWKZDUGDQGQRUWKZDUGUHPDLQWREHLGHQWL¿HG+RWSOXPHLQÀXHQFHGDVWKHQRVSKHUHLQYDGLQJ
WKH1%DQG,$3ULIWHGDUHDKDVEHHQSUHYLRXVO\VXJJHVWHGE\5HVWRQDQG3KLSSV0RUJDQ
:KHWKHU WKH HQULFKHGQDWXUHRI WKH DONDOLQHPDJPDWLVPDUJXHV IRU DKRWVSRWGULYHQRULJLQRI WKH
7RUH±0DGHLUD5LVHDQGWKH-DQRPDO\ULGJHLVFRQWURYHUVLDO*HOGPDFKHUHWDO0HUOHHWDO
2009). Merle et al.UDWKHUVXJJHVWHGWKDWVKRUWOLYHGVPDOOVL]HGPDJPDSXOVHVZHUHHPLWWHG
IURPDZLGHWKHUPDODQRPDO\ORFDWHGXQGHUWKH7RUH±0DGHLUD±$]RUHV±&DQDU\DUHD
7KHFRQVHTXHQFHVRIRXU¿QGLQJVDUHODUJHDQGQXPHURXV7KH-DQRPDO\GRHVQRWFRUUHVSRQG
WRWKHEHJLQQLQJRIWKH0VHTXHQFHRIVHDÀRRUVSUHDGLQJDQRPDOLHVLQWKH,$3DQG1%&RQVHTXHQWO\
WKH FXUUHQW NLQHPDWLF UHFRQVWUXFWLRQV RI ,EHULD SUHGDWLQJ DQRPDO\ & QHHG WR EH UHYLVHG. :H
VXJJHVW WKDW D VLQJOHPDQWOH H[KXPDWLRQ SKDVH RFFXUUHG EHWZHHQ a0D DQG a0DZKLFK
LV LQFRQWUDGLFWLRQZLWKZKDWKDVEHHQSURSRVHGEHIRUH6LEXHWHWDO7XFKRONHDQG6LEXHW
:HSURSRVHWKDWDPDJPDWLFHYHQWWULJJHUHGWKHFRQWLQHQWDOEUHDNXSDQGRQVHWRIVHDÀRRU
VSUHDGLQJDSURFHVVWKDWPD\KDYHRFFXUUHGDOVRDWRWKHUPDJPDSRRUULIWHGPDUJLQVHJ6$WODQWLF
DQG6$XVWUDOLDPDUJLQV7KHUHFRJQLWLRQRI³EUHDNXSDQRPDOLHV´DORQJWKHVHULIWHGPDUJLQVVXFK
DVWKH-DQRPDO\LQWKH1%DQG,$3PD\KHOSWRORFDWHWKHWUDQVLWLRQIURPPDQWOHH[KXPDWLRQWR
VHDÀRRUVSUHDGLQJ$PRUHTXDQWLWDWLYHDSSURDFKDGGUHVVLQJWKHQDWXUHRIWKHVRXUFHVRIWKHPDJQHWLF
DQRPDOLHVRYHUH[KXPHGPDQWOHGRPDLQVDW WKHVHDZDUGHGJHRIPDJPDSRRUULIWHGPDUJLQVPD\
validate our conceptual idea. 
5. METHODS SUMMARY
:HDVVXPHWKDWWKH-DQRPDO\ZDVIRUPHGLQWKHODWH$SWLDQWRHDUO\$OELDQWLPHDERXWPLG
WLPH RI WKH&UHWDFHRXV1RUPDO 6XSHUFKURQ:H WKHUHIRUH GR QRW XVH DQ\ UHYHUVDO RI WKH (DUWK¶V
PDJQHWLF¿HOGWRH[SODLQWKH-DQRPDO\DQGLQVWHDGK\SRWKHVL]HGWKDWLWUHVXOWVIURPPDJQHWL]DWLRQ
FRQWUDVWVEHWZHHQERWK ODYDÀRZVDW WKH VXUIDFHDQGPDJPDWLFERGLHVHPSODFHGDWGHSWKDQG WKH
VXUURXQGLQJVHUSHQWLQL]HGPDQWOH:HXVHWKHUHVXOWVRIWKHUHIUDFWLRQVHLVPLFVWXGLHV9DQ$YHQGRQN
HW DO  DORQJ WKH 6&5((&+ 6WXG\ RI &RQWLQHQWDO 5LIWLQJ DQG ([WHQVLRQ RQ WKH (DVWHUQ
&DQDGLDQV+HOISUR¿OHVLQWKH1%DQGWKH,$0SUR¿OHLQWKH,$3'HDQHWDOWRORFDWHWKH
GHSWKDQGODQGZDUGHGJHRIWKHVHPDJPDWLFERGLHVDQGRIWKHVHUSHQWLQL]HGH[KXPHGPDQWOHLQWKH
'IRUZDUGPRGHOOLQJ:HDOVRXVHWKHVHLVPLFPDSSLQJRI3pURQ3LQYLGLFHWDOWRFRQVWUDLQ
WKHWKLFNQHVVGHSWKDQGHGJHVRIEDVDOWLFVLOOFRPSOH[HV7KHPDJQHWL]DWLRQRIWKHVRXUFHOD\HUVLQ
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Figure 4 :&RQFHSWXDOOLWKRVSKHUHVFDOHPRGHORIULIWHGPDJPDSRRUPDUJLQVVKRZLQJWKHUROHRIPDJPDWLFSURFHVVHV
LQWKHRQVHWRIVHDÀRRUVSUHDGLQJDPDQWOHH[KXPDWLRQRFFXUUHGEHWZHHQaDQGa0DEH[FHVVPDJPDEURNH
WKURXJKWKHGRPDLQRIH[KXPHGVHUSHQWLQL]HGPDQWOHLQWKHVRXWKRIWKH1%DQG,$3,WUHDFKHGWKHQRUWKHUQSDUWDQG
LQGXFHGWKHXSOLIWRIWKHRXWHUKLJKDWWKH$SWLDQ$OELDQWUDQVLWLRQa0DFDONDOLQHYROFDQLVPDQGRFHDQLFVSUHDGLQJ
PD\ KDYH EHHQ FRQFRPLWDQW DORQJ WKH QDVFHQW SODWH ERXQGDU\7KH ¿UVW VHDÀRRU VSUHDGLQJPDJQHWLF DQRPDO\ &
IRUPHG0DDJRDWWKHHQGRIWKH&UHWDFHRXV1RUPDO6XSHUFKURQ
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RXUIRUZDUGPRGHOOLQJ LVFRQVWUDLQHGDVPXFKDVSRVVLEOHE\ WKHUHVXOWVRI WKH2'3GULOOLQJVLWHV
HJIURP7XFKRONHDQG6LEXHWORFDWHGRQRULQWKHYLFLQLW\RIWKHVHLVPLFSUR¿OHV:HXVH
PDJQHWL]DWLRQVREWDLQHGIRUEDVDOWLFVLOOVEDVDOWÀRZVDQGVHUSHQWLQL]HGSHULGRWLWHVDW2'3+ROHV
'%DQG$LQWKH,$3DQG2'36LWHVDQGLQWKH1%HJIURP=KDR
As the few samples of gabbroic rocks collected at these sites are strongly altered and show very low 
PDJQHWL]DWLRQLQWHQVLWLHV=KDRHWDOZHSUHIHUWRUHO\RQHVWLPDWHVREWDLQHGLQWKHNP
WKLFNVHFWLRQRIJDEEURLFFUXVWGULOOHGDW2'3+ROH%DWWKHXOWUDVORZVSUHDGLQJ6RXWKZHVW,QGLDQ
5LGJH3DULVRDQG-RKQVRQ$OWKRXJKDEHWWHU¿WFDQEHREWDLQHGXVLQJYDULDEOHPDJQHWL]DWLRQ
contrasts, we choose to be as consistent as possible with all data available by using, in all forward 
PRGHOVWKHVDPHPDJQHWL]DWLRQYDOXHIRUHDFKPDJQHWL]HGOD\HU6HH6XSSOHPHQWDU\0HWKRGVIRUD
PRUHGHWDLOHGGHVFULSWLRQRIWKHIRUZDUGPRGHOOLQJRIWKHPDJQHWLFDQRPDO\SUR¿OHV
6. SUPPLEMENTARY INFORMATION
:HDVVXPHWKDWWKH-DQRPDO\ZDVIRUPHGLQWKHODWH$SWLDQWRHDUO\$OELDQWLPHDERXWPLG
WLPH RI WKH &UHWDFHRXV 1RUPDO 6XSHUFKURQ:H K\SRWKHVL]HG WKDW LW UHVXOWV IURPPDJQHWL]DWLRQ
FRQWUDVWV EHWZHHQ ERWK ODYD ÀRZV DQGPDJPDWLF ERGLHV HPSODFHG DW GHSWK DQG WKH VXUURXQGLQJ
VHUSHQWLQL]HGH[KXPHGPDQWOH:HFRQVWUDLQHGRXU'IRUZDUGPRGHOOLQJE\WKHVHLVPLFGDWDDQG
GULOO KROH GDWD DORQJ WKH 6&5((&+ 6WXG\ RI&RQWLQHQWDO5LIWLQJ DQG([WHQVLRQ RQ WKH(DVWHUQ
&DQDGLDQV+HOISUR¿OHVLQWKH1HZIRXQGODQG%DVLQ1%DQGWKH,$0SUR¿OHLQWKH,EHULD$E\VVDO
3ODLQ,$37KHVHLVPLFDQGVHDVXUIDFHPDJQHWLFGDWDDORQJWKHVHSUR¿OHVZHUHFROOHFWHGGXULQJWKH
590DXULFH(ZLQJFUXLVH(:LQDQGWKH556'LVFRYHU\FUXLVHLQ6HLVPLF
GDWD'HDQHWDO)XQFNHWDO+RSSHUHWDO+RSSHUHWDO/DXHWDO
6KLOOLQJWRQHWDO9DQ$YHQGRQNHWDO9DQ$YHQGRQNHWDO3HURQ3LQYLGLFHWDO
ZHUHXVHGWRORFDWHWKHGHSWKDQGHGJHVRIWKHPDJQHWLFVRXUFHOD\HUV7KHPDJQHWL]DWLRQRIWKH
VRXUFHOD\HUVZDVFRQVWUDLQHGDVPXFKDVSRVVLEOHE\WKHUHVXOWVRIWKH2'3GULOOLQJVLWHVRQWRSRULQ
WKHYLFLQLW\RIWKHVHLVPLFSUR¿OHV=KDRHWDO-DJRXW]HWDO7XFKRONHDQG6LEXHW
=KDRHWDO:HVKRZWKDWDPL[HGFRQWULEXWLRQRIXQGHUSODWHGPDJPDWLFURFNVDQGODYDÀRZV
UHVSHFWLYHO\EHQHDWKDQGRYHUH[KXPHGVHUSHQWLQL]HGPDQWOHFDQIXOO\H[SODLQWKHREVHUYHGPDJQHWLF
DQRPDO\SUR¿OHV7KHUHLVQRQHHGWRWDNHLQWRDFFRXQWLQYHUVLRQVRIWKH(DUWK¶VPDJQHWLF¿HOGDVLW
ZDVSUHYLRXVO\VXJJHVWHG6ULYDVWDYDHWDO6LEXHWHWDO
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6.1. FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF THE 
UNDERPLATED GABBROIC ROCKS
Thickening of the crust beneath the J anomaly is supported by both geological and geophysical 
REVHUYDWLRQV7KHJHRORJLFDODUJXPHQWVDUHSUHVHQWHGLQWKHPDLQWH[W+HUHZHSUHVHQWWKHJHRSK\VLFDO
DUJXPHQWV IRU D PDJQHWL]HG VRXUFH OD\HU RI XQGHUSODWWHGPD¿F URFNV DW GHSWK:H LQWHUSUHW WKH
GHHSHQLQJRIVHLVPLFYHORFLWLHVEHWZHHQaDQGaNPVDVLQGLFDWLQJDWKLFNHQLQJRIDORZHU
OD\HURILQWUXGHGPD¿FERGLHVHJVHH'HDQHWDO$VWKLVYHORFLW\JUDGLHQWGRHVQRWVKRZ
VWURQJODWHUDOFKDQJHVRQWKHVHDZDUGHGJHVRIWKHVHLVPLFOLQHVLQWKH1%DQG,$3ZHH[WHQGVHDZDUG
WKLVORZHUOD\HURIPD¿FERGLHVHJ6&5((&+OLQHVKRZQLQ)LJXUH:HGRQRWH[SHFWDVWURQJ
PDJQHWL]DWLRQFRQWUDVWRFHDQZDUGEHWZHHQDW\SLFDORFHDQLFOD\HUDQGXQGHUSODWHGJDEEURV2QO\
DIHZVDPSOHVRIDOWHUHGJDEEURLFURFNVKDYHEHHQFROOHFWHGGXULQJ2'3/HJDQGDQG
VKRZYHU\ORZQDWXUDOUHPDQHQWPDJQHWL]DWLRQLQWHQVLWLHVa±$P=KDRHWDO=KDR
HWDO$VJDEEURLFURFNVDUHNQRZQWRFDUU\VLJQL¿FDQWVWDEOHUHPDQHQWPDJQHWL]DWLRQZKLFK
LVVXI¿FLHQWWRDFFRXQWIRUVHDVXUIDFHPDJQHWLFDQRPDOLHV3DULVRDQG-RKQVRQ:RUP
ZHSUHIHUWRUHO\RQHVWLPDWHVREWDLQHGLQWKHNPWKLFNVHFWLRQRIJDEEURLFFUXVWGULOOHGDW2'3
+ROH%DWWKHXOWUDVORZVSUHDGLQJ6RXWKZHVW,QGLDQ5LGJH'LFNHWDO$PHDQUHPDQHQW
LQWHQVLW\RIa$PDQG ODUJH.RHQLJVEHUJHU UDWLRVKDYHEHHQPHDVXUHG WKHUH .LNDZDDQG
3DULVR3DULVRDQG-RKQVRQ:HWKHUHIRUHDVVXPHDFRQVHUYDWLYHHVWLPDWHRI$PIRU
WKH DYHUDJH HIIHFWLYHPDJQHWL]DWLRQ RI JDEEURLF URFNV IROORZLQJ 3DULVR DQG -RKQVRQ 3DULVR DQG
-RKQVRQ:HXVHDVRXUFHOD\HUZLWKUHPDQHQWPDJQHWL]DWLRQVDFFRUGLQJWRWKHPDJQHWL]DWLRQ
YHFWRUIURP9DQGHU9RR,0 '0 
6.2. FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF THE 
SERPENTINIZED MANTLE ROCKS
$VVHUSHQWLQL]HGKDU]EXUJLWHV DQG OKHU]ROLWHVZHUHGULOOHG LQ WKHRFHDQFRQWLQHQW WUDQVLWLRQV
2&7VLQERWK,$3DQG1%ZHDOVRH[SORUHWKHFRQWULEXWLRQRIDWKLQPDJQHWL]HGOD\HURIVHUSHQWLQL]HG
peridotites which has been proposed to account for both small magnetic anomalies toward the area 
RIWKLQQHGFRQWLQHQWDOFUXVW5XVVHOODQG:KLWPDUVKDQGWKH-DQRPDO\6LEXHWHWDO
6WXGLHVRIWKHPDJQHWLFSURSHUWLHVRIYDULDEO\VHUSHQWLQL]HGSHULGRWLWHV7RIWHWDO2X¿HWDO
 VKRZ WKDW WKHLUQDWXUDO UHPDQHQWPDJQHWL]DWLRQFDQ LQGHHGEH VLJQL¿FDQW IRUKLJKGHJUHHV
RIVHUSHQWLQL]DWLRQ$PRQDYHUDJHIRUGHJUHHVRIVHUSHQWLQL]DWLRQJUHDWHUWKDQ2X¿HW
DO 7KHVH VWXGLHV DOVR VKRZ KRZHYHU WKDW WKLV QDWXUDO UHPDQHQWPDJQHWL]DWLRQ LV KLJKO\
YDULDEOH,QSDUWLFXODULWGHSHQGVRQWKHGLVWULEXWLRQDQGVL]HRIPDJQHWLWHJUDLQVSURGXFHGGXULQJ
VHUSHQWLQL]DWLRQDQGRQWKHLURQFRQWHQWDQGDEXQGDQFHRIVHFRQGDU\K\GURXVPLQHUDOVVXFKDVEUXFLWH
2X¿HWDO7RIWHWDO6HUSHQWLQL]HGSHULGRWLWHVDUHWKHUHIRUHYHUVDWLOHPDJQHWLFVRXUFHV
WKDW PD\ RU PD\ QRW SURGXFH VWURQJ VLJQDOV GHSHQGLQJ RQ ÀXLGURFN LQWHUDFWLRQV DQG HOHPHQWDO
H[FKDQJHVWKDWSUHYDLOHGGXULQJVHUSHQWLQL]DWLRQ6HUSHQWLQLWHVIURP2'3+ROHV'%DQG
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$LQWKH,$3\LHOGHGPHDQ150LQWHQVLWLHVRIDQG$PUHVSHFWLYHO\=KDRHWDO
+LJKO\YDULDEOHPDJQHWL]DWLRQV$PZHUHIRXQGIRUWKHVHUSHQWLQL]HGSHULGRWLWHVDW2'3
6LWHLQWKH1%=KDRHWDO+RZHYHUWKHPHDQYDOXHIRUWKHZKROHUHFRYHUHGVHFWLRQ
DW6LWHa$PLVVLPLODUWRWKHPHDQHVWLPDWHVREWDLQHGIRUWKH2'3KROHVLQWKH,$3:H
WKHUHIRUHDVVXPHDFRQVHUYDWLYHHVWLPDWHRI$PIRU WKHDYHUDJHHIIHFWLYHPDJQHWL]DWLRQRID
VHUSHQWLQL]HGSHULGRWLWHOD\HU:HXVHDVRXUFHOD\HUZLWKVROHO\DQLQGXFHGXQLIRUPPDJQHWL]DWLRQ
LQRUGHUWRPDNHQRDVVXPSWLRQDERXWXQFRQVWUDLQHGODWHUDOFKDQJHVRIPDJQHWL]DWLRQLQWHQVLW\DQG
SRODULW\7KH H[WHQGRI WKH VHUSHQWLQL]DWLRQ DW GHSWK LV FRQVWUDLQHGE\ WKH VHLVPLF UHIUDFWLRQGDWD
'HDQHWDO)XQFNHWDO+RSSHUHWDO.:+HOHQ/DX9DQ$YHQGRQN
HWDO9DQ$YHQGRQNHWDO:HLQWHUSUHWWKHXSSHUKLJKYHORFLW\JUDGLHQWOD\HULQWKH
2&7VZLWKYHORFLWLHVLQFUHDVLQJIURPWRNPVDVH[SRVHGPDQWOHHJVHH0LQVKXOO
7KHVHYHORFLWLHVIRUWKHXSSHUEDVHPHQWDUHZLWKLQWKHERXQGVSUHGLFWHGIRUSHULGRGLWHVVHUSHQWLQL]HG
EHWZHHQaDQG0LOOHUDQG&KULVWHQVHQ:HH[FOXGHKLJKHUYHORFLWLHVRI
NPVZKLFKZHLQWHUSUHWDVLQGLFDWLQJPRUHZHDNO\VHUSHQWLQL]HGPDQWOHURFNVIROORZLQJDUHFHQW
UHYLHZRIPLGRFHDQ ULGJHGDWDZKLFK VKRZV WKDW VLJQL¿FDQW VHUSHQWLQL]DWLRQRI H[KXPHGPDQWOH
WKHUHGRHVQRWH[WHQGWRGHSWKVJUHDWHUWKDQWRNP&DQQDWHWDO$VWKHYHORFLW\JUDGLHQW
LQWKHXSSHUEDVHPHQWGRHVQRWVKRZVWURQJODWHUDOFKDQJHVRQWKHVHLVPLFOLQHVLQWKH1%DQG,$3
ZHH[WHQGVHDZDUGWKHGRPDLQRIH[KXPHGPDQWOHHJ6&5((&+OLQHVKRZQLQ)LJXUH7KLV
LV IXUWKHU VXSSRUWHGE\ WKHREVHUYDWLRQVRI ODUJHGRPDLQVRI H[KXPHGPDQWOH URFNV DW XOWUDVORZ
spreading ridges (Cannat et al., 2006).
6.3. FORWARD MODELLING OF THE MAGNETIC CONTRIBUTION OF BASALTIC 
ROCKS
:HDOVRWDNHLQWRDFFRXQWWKHFRQWULEXWLRQVRIEDVDOWVDVERWKVLOOVDQGODYDÀRZVKDYHDOVREHHQ
LPDJHGE\VHLVPLFH[SHULPHQWVDQGGULOOHGLQWKH2&7RIWKH1%7ZRVLOOVZHUHGULOOHGDW2'36LWH
DQGKDYHEHHQGDWHGDWa0DDQGa0DLQWKH&UHWDFHRXV1RUPDO6XSHUFKURQ+DUWDQG
%OXV]WDMQ3pURQ3LQYLGLFet al.XVHPXOWLFKDQQHOVHLVPLFUHÀHFWLRQGDWDWRFDOFXODWHG
WKDWWKHWKLFNQHVVRIWKHVLOOFRPSOH[UDQJHVIURPaPWRaPZLWKDPHDQYDOXHRIaP
:HXVHWKHVHLVPLFPDSSLQJRI3pURQ3LQYLGLFet al. (2010) to locate the depth and edges of one unique 
PWKLFNVLOOFRPSOH[LQRXU'PRGHO:HXVHD$PSRVLWLYHUHPDQHQWPDJQHWL]DWLRQIRUWKLV
VLOODFFRUGLQJWRWKHPHDQPDJQHWL]DWLRQRIVLOOGLDEDVHVREWDLQHGE\=KDRHWDODW2'36LWH
/DYDÀRZVZHUHGULOOHGDW2'36LWHEXWWKHLUWRWDOWKLFNQHVVGRQRWH[FHHGaPVRZH
GLVPLVVWKHLUFRQWULEXWLRQ:KHUHVHLVPLFSUR¿OHVZHUHFROOHFWHGFORVHWRVHDPRXQWVHJ6&5((&+
/DXHWDODQG,$0'HDQHWDOZHDOVRDVVXPHDEDVDOWLF OD\HURQ WRSRI WKH
EDVHPHQWZKLFKLVDOVRVXSSRUWHGE\WKHRFFXUUHQFHRIEDVDOWFODVWVLQ$SWLDQGHEULVÀRZVGULOOHGDW
6LWHVDQG3pURQ3LQYLGLFHWDO$VWKHVHVHDPRXQWVZHUHSURSRVHGWR
EHEXLOWXSE\DODUJHDONDOLQHPDJPDWLFSXOVHGXULQJ&UHWDFHRXVWLPHV0D0HUOHHWDO
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6XOOLYDQDQG.HHQZHXVHDSRVLWLYHVWDQGDUG$PUHPDQHQWPDJQHWL]DWLRQIRUWKLV
EDVDOWLF OD\HU6HLVPLF UHIUDFWLRQGDWDRYHUVXFKVHDPRXQW LQ WKH7DJXVDE\VVDOSODLQKDYHVKRZQ
WKDWWKHFUXVWEHQHDWKWKHVHDPRXQWVLVDSSUR[LPDWHO\WZLFHDVWKLFNDVWKHRFHDQLFFUXVW3HLUFHDQG
%DUWRQ:HKDYHWKHUHIRUHPDGHWKHDVVXPSWLRQWKDWWKHXSSHUSDUWRIWKHEDVHPHQWFRQVLVWVRI
DPWKLFNYROFDQLFOD\HU6XFKDWKLFNYROFDQLFOD\HUQHDUWKHVHVHDPRXQWVLVDOVRVXSSRUWHG
E\WKHLUODUJHKHLJKWRYHUPDERYHWKHVHDÀRRU0HUOHHWDO7KLVVKDOORZPDJQHWLF
OD\HURQO\SDUWO\H[SODLQVWKHVKDUSVHDZDUGDQGODQGZDUGVLGHRIWKH-DQRPDO\LQWKH,$0DQG
6&5((&+SUR¿OHVUHVSHFWLYHO\:HVXJJHVWWKDWDODUJHUPDJQHWLFFRQWUDVWEHWZHHQEDVDOWVDQG
KLJKO\VHUSHQWLQL]HGSHULGRWLWHVDQGRUD WKLFNHUYROFDQLF VRXUFH OD\HUPD\EH UHVSRQVLEOH IRU WKH
whole amplitude of the J anomaly there.
Figure 5 :)RUZDUGPRGHOOLQJRIWKHPDJQHWLFDQRPDO\SUR¿OHVDORQJ6&5((&+OLQHDQGLQWKH1HZIRXQGODQG
basin7KHFRQWULEXWLRQVRIWKUHHPDJQHWL]HGOD\HUVEDVDOWVVHUSHQWLQL]HGSHULGRWLWHVDQGJDEEURLFURFNVH[SODLQWKH
PDJQHWLFDQRPDO\SUR¿OHV7KHGRWWHGEOXHOLQHVLQGLFDWHWKHSDUWVRIWKHSUR¿OHVZKLFKDUHQRWPRGHOOHG7KHPDJQHWLF
DQRPDOLHVDUHIURP6ULYDVWDYDet al. (2000) . a,0DJQHWLFPRGHORIWKH6&5((&+OLQHVXSHULPSRVHGRQWKHVHLVPLF
UHIUDFWLRQSUR¿OH IURP+RSSHUHWDO 7KHPDJQHWLFDQRPDO\SUR¿OHRYHU6&5((&+OLQHGLVSOD\VDZHDN-
DQRPDO\Q7DWWKHHDVWHUQHQGRIWKHSUR¿OH7KLV-DQRPDO\LVEHVWH[SODLQHGE\WKHFRQWULEXWLRQRIERWKDGHHS
PDJPDWLFERG\DQGDVKDOORZHUVHUSHQWLQL]HGSHULGRWLWHOD\HUb,0DJQHWLFPRGHORIWKH6&5((&+OLQHVXSHULPSRVHG
RQWKHVHLVPLFUHIUDFWLRQSUR¿OHIURP/DXHWDO/LNHWKH,$0SUR¿OH6&5((&+OLQHGLVSOD\VDKLJKDPSOLWXGH
-DQRPDO\!Q7ZKLFKZHH[SODLQE\ERWKDWKLFNYROFDQLFOD\HURQWRSRIWKHH[KXPHGVHUSHQWLQL]HGPDQWOHDQGE\
DGHHSHUPDJPDWLFXQGHUSODWHGERG\+RZHYHUWKHHGJHRIWKHYROFDQLFOD\HULVORFDWHGIXUWKHUODQGZDUGWKDQWKHGHHS
PDJPDWLFERG\E\FRQWUDVWWRWKH,$0SUR¿OHZKHUHZHVXJJHVWLWLVWKHRSSRVLWH
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7. CONTROVERSIAL ISSUES
The publication presented in this chapter lead to important discussions through the review 
SURFHVV:HZRXOGOLNHWRKLJKOLJKWWZRPDLQFULWLFLVPVWKDWKDYHEHHQDGGUHVVHGDQGWKDWDUHVWLOO
under debate.
7.1. INTERPRETATION OF SCEECH LINE 1
7KH ¿UVW SRLQW FRQFHUQV WKH IRUZDUG PRGHO RI WKH 6FUHHFK OLQH  WKDW LV SUHVHQWHG LQ WKH
supplementary information above. The manuscript presented here is slightly different from the one 
SXEOLVKHGLQ WKH1DWXUH*HRVFLHQFH-RXUQDODV LW LQFOXGHVDIRUZDUGPRGHOLQJRI WKH6FUHHFKOLQH
,QGHHGWKLVOLQHZDVUHPRYHGIURPWKHSXEOLVKHGSDSHUEHFDXVHRIFRQWURYHUVLDOLQWHUSUHWDWLRQV
UHJDUGLQJWKHQDWXUHRIWKHWUDQVLWLRQDOGRPDLQLQWKLVDUHDRIWKH1HZIRXQGODQGPDUJLQ,QGHHGRQH
RIWKHUHYLHZHUVDUJXHGWKDWWKHYHORFLW\JUDGLHQWDVZHOODVWKHUHÀHFWLYLW\SDWWHUQLVIXOO\FRQVLVWHQW
ZLWK WKH SUHVHQFH RI DQ RFHDQLF OD\HU  DQG SUHFOXGH WKH SUHVHQFH RI D WUDQVLWLRQDO ]RQH IRUPHG
E\ H[KXPHG VHUSHQWLQLWH1HYHUWKHOHVVZHZRXOG OLNH WR XQGHUOLQH WKDWZH OHDUQ IURP6DXWHU HW
DO  WKDW ERWK aP UHVROXWLRQ LPDJHV RI WKH VHDÀRRU DQG GUHGJH VDPSOHV DUH UHTXLUHG WR
UHDVRQDEO\GLVWLQJXLVKEHWZHHQYROFDQLFVDQGVHUSHQWLQL]HGSHULGRWLWHVDWWKH6:,50RUHRYHUZH
VKRZLQFKDSWHUWKDWWKHSUHVHQFHRIYROFDQLFPDWHULDOZLWKLQWKHH[KXPHGPDQWOHGRPDLQVRIWKH
6:,5LVQRWQHFHVVDULO\FRUUHODWHGZLWKDPDJQHWLFVLJQDWXUH7KHVHDUJXPHQWVIXUWKHUVXSSRUWWKH
DVVXPSWLRQPDGHDERYHWREXLOGWKHIRUZDUGPRGHORIWKH6FUHHFKOLQHDQGUDWKHUVXJJHVWWKDWLQWKH
DEVHQFHRIGULOOLQJVDPSOHVQHLWKHUWKHYHORFLW\JUDGLHQWQRUWKHUHÀHFWLYLW\FDQSURYLGHXQGLVSXWDEOH
arguments regarding the nature of the crust.
7.2. PLATE RECONSTRUCTION
7KH VHFRQG SRLQW UDLVHG FRQFHUQ WKH LPSOLFDWLRQV RI RXU ¿QGLQJ UHJDUGLQJ NLQHPDWLF SODWH
reconstructions. This point is discussed in the correspondence below which has been published in 
1DWXUH*HRVFLHQFHLQ
7XFKRONH%(	6LEXHW-&3UREOHPDWLFSODWHUHFRQVWUXFWLRQ&RPPHQWRQµ0DJPDWLFEUHDNXS
DVDQH[SODQDWLRQIRUPDJQHWLFDQRPDOLHVDWPDJPDSRRUULIWHGPDUJLQV¶E\%URQQHUHWDO
1DWXUH*HRVFLHQFH1DWXUH*HRVFL
%URQQHU$6DXWHU'0DQDWVFKDO*3HURQ3LQYLGLF*	0XQVFK\05HSO\WRµ3UREOHPDWLF
SODWHUHFRQVWUXFWLRQ¶1DWXUH*HRVFL
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7.2.1. 352%/(0$7,&3/$7(5(&216758&7,21
Brian E. Tucholke1* and Jean-Claude Sibuet2 
1Department of Geology and Geophysics, Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, 
USA, 2Ifremer Centre de Brest, BP 70, 29280 Plouzané Cedex, France, and 44 rue du Cloître, 29280 Plouzané
$V KDV EHHQ SUHYLRXVO\ SURSRVHG 7XFKRONH HW DO  7XFKRONH DQG 6LEXHW 
%URQQHUHWDO VXJJHVW WKDWRSHQLQJRI WKH ULIWEHWZHHQ1HZIRXQGODQGDQG ,EHULD LQYROYHG
H[KXPDWLRQRIPDQWOHURFNVXQWLOPLOOLRQ\HDUV0\UDJRVXEVHTXHQWVHDÀRRUVSUHDGLQJDQG
FUXVWDOWKLFNHQLQJDORQJWKHKLJKDPSOLWXGHPDJQHWLF-DQRPDO\E\PDJPDWKDWSURSDJDWHGIURPWKH
6RXWKHDVW1HZIRXQGODQG5LGJHDUHD&RQYHQWLRQDOO\WKHDQRPDORXVPDJQHWLVPDQGEDVHPHQWULGJHV
DVVRFLDWHGZLWKWKH-DQRPDO\QRUWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHDUHWKRXJKWWRKDYH
IRUPHGDERXW0\UDJRDWFKURQ0%URQQHUHWDO7XFKRONHDQG6LEXHW)LJXUHD), 
DOWKRXJKWKHFUXVWSUREDEO\H[SHULHQFHGVRPHODWHUPDJPDWLFRYHUSULQWLQJ0HUOHHWDO7KH
M0 age would make their formation simultaneous with that of the similar J anomaly and basement 
ULGJHV WKH -$QRPDO\5LGJH DQG0DGHLUD7RUH5LVH DORQJ WKH0LG$WODQWLF5LGJH WR WKH VRXWK
5DELQRZLW]HWDO7XFKRONHDQG/XGZLJDQGSODFH WKHPZLWKLQD]RQHRIH[KXPHG
PDQWOHLQWKH1HZIRXQGODQG±,EHULDULIW7XFKRONHDQG6LEXHW%URQQHUHWDO,QFRQWUDVW
%URQQHUHWDOSURSRVHWKDWWKH-DQRPDO\DQGDVVRFLDWHGEDVHPHQWULGJHVZHUHIRUPHGE\ODWHU
PDJPDWLVP²DERXW0\UDJR²WKDWPDUNHGWKHHQGRIPDQWOHH[KXPDWLRQLQWKHULIW:HDUJXH
here that constraints from plate tectonic reconstructions render this possibility untenable.
7KHPDJQHWLFPRGHOFHQWUDOWRWKH%URQQHUHWDOSDSHULVSODXVLEOHDOWKRXJKQRPRUHVR
WKDQPRGHOVEDVHGRQ0VHULHVJHRPDJQHWLFUHYHUVDOGDWD6ULYDVWDYDHWDO6ULYDVWDYDHWDO
5XVVHOODQG:KLWPDUVK7XFKRONHDQG6LEXHWEXWLWLVSUREOHPDWLFLQWHUPVRISODWH
UHFRQVWUXFWLRQV%URQQHUDQGFROOHDJXHVSURSRVHWKDWDQRIIVHWEHWZHHQWKHD[HVRIWKH0LG$WODQWLF
5LGJHDQG1HZIRXQGODQG±,EHULDULIWDWWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHDURXQG0\U
DJR0RIIVHWaNPEROGGDVKHGOLQHV)LJXUHELQKLELWHGQRUWKZDUGWUDQVSRUWRIPDJPDIURP
WKH 6RXWKHDVW1HZIRXQGODQG5LGJH IRU DERXW 0\U ,I WUXH VXFK D VFHQDULRZRXOG QHFHVVLWDWH
rapid propagation of magma through the rift by 112 Myr ago, and thus require the J anomaly there to 
have formed almost isochronally. During the period between 125 and 112 Myr ago, the conjugate J 
$QRPDO\5LGJHDQG0DGHLUD7RUH5LVHVRXWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHEHFDPH
ZLGHO\VHSDUDWHG)LJXUHE+RZHYHUE\DERXW0\UDJRFKURQ&)LJXUHGWKH0DGHLUD
7RUH5LVHQRUWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHZDVFROOLQHDUZLWKWKH0DGHLUD7RUH
5LVH WR WKH VRXWKDQGKDV UHPDLQHGVR WR WKHSUHVHQW 6ULYDVWDYDHWDO7KXV WKH VFHQDULR
SURSRVHGE\%URQQHUDQGFROOHDJXHVZRXOGUHTXLUHWKDWDOHIWODWHUDORIIVHWRIWKH1HZIRXQGODQG±
*LEUDOWDU)UDFWXUH=RQHRIPRUHWKDQNPWKDWH[LVWHGDERXW0\UDJR)LJXUHEUHYHUVHG
WREHFRPHDNPULJKWODWHUDORIIVHWE\0\UDJR)LJXUHGWKHSODWHVHSDUDWLRQUDWHMXVW
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QRUWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHZDVDWOHDVWaWLPHVIDVWHUWKDQWRWKHVRXWK
IRUVRPHSHULRGDIWHU0\UDJREXWLWGUDPDWLFDOO\VORZHGWRWKH$IULFDQ±1RUWK$PHULFDQUDWHE\
0\UDJRDQGZLWKLQWKHVDPHWLPHIUDPHVHSDUDWLRQEHWZHHQWKH,EHULDQDQG1RUWK$PHULFDQ
plates serendipitously aligned the formerly offset segments of the Madeira Tore Rise located north 
DQGVRXWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQH
Figure 6 : D &RQYHQWLRQDO FKURQ0 UHFRQVWUXFWLRQ RI WKH$IULFDQ±1RUWK$PHULFDQ 6ULYDVWDYD HW DO  DQG
,EHULDQ±1RUWK$PHULFDQ 6ULYDVWDYD HW DO  SODWHVZKLFK DVVXPHV WKDW WKH - DQRPDO\ ERWK QRUWK DQG VRXWK RI
WKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQH1*)=IRUPHGDERXW0\UDJR-$QRPDO\5LGJH-$5DQG0DGHLUD
7RUH5LVH075EDVHPHQWULGJHVDUHVKDGHGDQGVHDÀRRULVRFKURQVLGHQWL¿HGE3ODWHUHFRQVWUXFWLRQDW0\UDJR
DVVXPLQJQHDUO\LVRFKURQDOIRUPDWLRQRIWKH-DQRPDO\E\WKLVWLPHLQWKH1HZIRXQGODQG±,EHULDULIW$IULFDQDQG1RUWK
$PHULFDQSODWHSRVLWLRQVLQWHUSRODWHGEHWZHHQFKURQ0DQG&UHFRQVWUXFWLRQV'LFNHWDO%ROGGDVKHGOLQHV
LQGLFDWHHDUOLHU0H[WHQVLRQD[HVRQWKH1RUWK$PHULFDQSODWHFKURQ0VRXWKRIWKH1*)=DVVXPHGH[WHQVLRQKDOI
UDWHaPP\UíQRUWKRI1*)=2FHDQ'ULOOLQJ3URJUDPGULOOVLWHVDQGLQGLFDWHGF3ODWHUHFRQVWUXFWLRQ
DW0\UDJRDVVXPLQJ-$5±075ULGJHVIRUPHGE\SURORQJHGSURSDJDWLRQDUURZRIDQLVRODWHGPDJPDDQRPDO\
QRUWKZDUGIURPWKH6RXWKHDVW1HZIRXQGODQG5LGJH6(15EHWZHHQDERXWDQG0\UDJRG&KURQSODWH
UHFRQVWUXFWLRQ6ULYDVWDYDHWDO0$50LG$WODQWLF5LGJH)&)OHPLVK&DS*%*DOLFLD%DQN
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7KHSUHVXPHGUHYHUVDORIRIIVHWRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHDQGGLVFUHSDQF\
LQH[WHQVLRQUDWHVRFFXUZLWKLQWKH&UHWDFHRXV0DJQHWLF4XLHW=RQHDQGWKXVDUHXQFRQVWUDLQHGE\
JHRPDJQHWLF DJHGDWD+RZHYHU WKHVHSUHVXPSWLRQV VHHPKLJKO\XQOLNHO\0RUH LPSRUWDQWO\ WKH
required alignment of the northern and southern Madeira Tore Rise is too coincidental to be believed.
$OWHUQDWLYHO\ LI QRUWKZDUGSURSDJDWLRQRIPDJPD IURP WKH6RXWKHDVW1HZIRXQGODQG5LGJH
ZDVSURORQJHGIRU0\UUDWKHUWKDQGHOD\HGDVLJQL¿FDQWO\GLDFKURQRXV-DQRPDO\ZRXOGUHVXOW
)LJXUHF7KLVWRRLVSUREOHPDWLF7KHUHLVQRH[FHVVPDJPDWLVPREVHUYHGLQWKHZDNHRIDVXSSRVHG
SURSDJDWRUQRUZDVWKHUHDQ\PLUURUHGVRXWKZDUGSURSDJDWLRQVRXWKRIWKH1HZIRXQGODQG±*LEUDOWDU
)UDFWXUH=RQH7KXVDQ\PHOWDQRPDO\WKDWGURYHSURSDJDWLRQIURPWKH6RXWKHDVW1HZIRXQGODQG
5LGJH FHDVHG WR H[LVWZHOO EHIRUH 0\U DJR7KHUHIRUH SURORQJHG SURSDJDWLRQZRXOG UHTXLUH
the unreasonable assumption that an isolated melt anomaly was moving in a northerly direction 
WKURXJKWKHPDQWOHRIWKH1HZIRXQGODQG±,EHULDULIWFUHDWLQJDWUDFNLQWKHVHDÀRRUQHDUO\RSSRVLWH
LQGLUHFWLRQWRWKDWH[SHFWHGIURPDEVROXWHSODWHPRWLRQ0OOHUHWDO:HFRQFOXGHIURPWKH
SODWHNLQHPDWLF FRQVWUDLQWV WKDW IRUPDWLRQRI WKH -DQRPDO\ FRPSOH[ LQ WKH1HZIRXQGODQG±,EHULD
rift about 112 Myr ago is not a viable proposition and thus that its predicted consequences are not 
pertinent to the rift evolution.
7.2.2. 5(3/<72µ352%/(0$7,&3/$7(5(&216758&7,21¶
Adrien Bronner1, Daniel Sauter1, Gianreto Manatschal1, Gwenn Péron-Pinvidic2 and Marc 
Munschy1
1Institut de Physique du Globe de Strasbourg, IPGS - UMR 7516, CNRS - Université de Strasbourg, 1 rue Blessig 67084 
Strasbourg cedex,
2NGU, Geological Survey of Norway, Leiv Eirikssons vei 39, 7491 Trondheim, Norway,*Contact: a.bronner@unistra.fr 
7KHPDLQFULWLFLVPE\7XFKRONHDQG6LEXHWRQRXUSDSHU%URQQHUHWDOFRQFHUQVWKH
SRVLWLRQQDWXUHDQGDJHRIWKH-DQRPDO\WKDWRFFXUVRQERWKVLGHVRIWKH1HZIRXQGODQG±*LEUDOWDU
)UDFWXUH=RQH'HVSLWHWKHIDFWWKDW7XFKRONHSUHYLRXVO\SURSRVHGDNPRIIVHWIRUWKH-DQRPDO\
DFURVVWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQH7XFKRONHDQG/XGZLJ7XFKRONHDQG6LEXHW
DUJXHWKDWWKLVDQRPDO\LV³FROOLQHDU´DQGWKXVIRUPHGDWWKHVDPHWLPHa0\UDJRFKURQ0
+RZHYHUDWWKDWWLPHWKHQDWXUHRIWKHFUXVWQRUWKDQGVRXWKRIWKH1HZIRXQGODQG±*LEUDOWDU)UDFWXUH
=RQHZDVGLIIHUHQW7RWKHVRXWKH[FHVVPDJPDUHVXOWHGLQDWKLFNHQLQJRIWKHRFHDQLFPDJQHWLFOD\HU
7XFKRONHDQG/XGZLJDQGDPSOL¿FDWLRQRILWVDVVRFLDWHGPDJQHWLFDQRPDO\0ZKHUHDVWKH
QRUWKHUQGRPDLQZDVIRUPHGE\H[KXPHGVXEFRQWLQHQWDOPDQWOHDQGSRO\SKDVHPDJPDWLFDFWLYLW\DV
HYLGHQFHGE\URFNVIURP2FHDQ'ULOOLQJ3URJUDP2'3VLWHVDQG-DJRXW]HWDO
7RDFFRXQWIRUWKHGULOOLQJDQGVHLVPLFUHVXOWVZHSURSRVHGWKDWWKLVH[FHVVPDJPDWLFHYHQWRFFXUULQJ
VRXWKRI1HZIRXQGODQG±*LEUDOWDU)UDFWXUH=RQHDWDURXQG0WLPH7XFKRONHDQG/XGZLJ
SURSDJDWHGLQWRWKH1HZIRXQGODQG±,EHULDULIWDQG¿QDOO\UHVXOWHGLQRQVHWRIVHDÀRRUVSUHDGLQJLQ
WKHQRUWKHUQSDUW2'3VLWHVDQGDWDERXW0\UDJR6XFKDPHFKDQLVPIRUEUHDNXS
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has been previously proposed (Reston and Morgan, 2004), and we suggested that the J anomaly is the 
VLJQDWXUHRIWKLVGLDFKURQRXVSURSDJDWLQJHYHQW%URQQHUHWDO
7KHFRQVHTXHQFHRIRXU¿QGLQJLVWKDWWKH-DQRPDO\GRHVQRWUHVXOWIURPDVKDUSERXQGDU\DV
H[SHFWHGIURPDUHYHUVDORI(DUWK¶VPDJQHWLF¿HOGEXWUDWKHUFRUUHVSRQGVWRDaWRNPZLGH
]RQHRIPDJPDWKDWRYHUSULQWVSUHYLRXVO\H[KXPHGPDQWOHURFNVRIXQNQRZQDJH,QFRQWUDVWWRWUXH
oceanic crust, the basement underneath the J anomaly is polyphased. This implies that it can neither 
EHYLHZHGDVDFRQYHQWLRQDOVHDÀRRUVSUHDGLQJDQRPDO\QRUXVHGWRFRQVWUDLQSODWHUHFRQVWUXFWLRQV
RI ,EHULD DQG1RUWK$PHULFD7KHUHIRUHRXUPRGHO LQYDOLGDWHV WKH DVVXPSWLRQVXVHG WR FRQVWUXFW
7XFKRONHDQG6LEXHW¶V)LJXUHDEDQGWKHLUUHODWHGHQVXLQJDUJXPHQWV
7XFKRONH DQG 6LEXHW¶V )LJXUH F FRXOG SRWHQWLDOO\ SURYLGH D ¿UVW DSSURDFK WR DOWHUQDWLYH
SDODHRJHRJUDSKLFUHVWRUDWLRQVEHIRUHDERXW0\UDJRFKURQ&1HYHUWKHOHVVWKLVLQWHUSUHWDWLRQ
LVDOVRSUREOHPDWLFEHFDXVHLWUHTXLUHVD0\UDJHIRUWKHFUXVWDW2'3KROHVDQG<HW
WKHROGHVWURFNVGULOOHGDWWKRVHORFDWLRQVDUH0\UROG0RUHRYHUWKHRIIVHWRIWKH1HZIRXQGODQG±
*LEUDOWDU)UDFWXUH=RQHXVHGWRFRQVWUXFWWKLV¿JXUHLVWKHVDPHDVWKHRQHREVHUYHGDWSUHVHQWEXW
in the absence of robust magnetic anomalies, this point remains unconstrained for times older than 
chron C34.
7RFRQFOXGHZHQRWHWKDWWKHFODVVLFDOLQWHUSUHWDWLRQXVLQJWKH-DQRPDO\DVDVHDÀRRUVSUHDGLQJ
DQRPDO\RI0DJHDVVXJJHVWHGE\7XFKRONHDQG6LEXHWUHTXLUHVDQXSWRNPZLGHGRPDLQ
EHWZHHQ,EHULDDQG(XURSHWRKDYHEHHQVXEGXFWHGGXULQJWKHVXEVHTXHQWFRQYHUJHQFHWKDWOHGWRWKH
SUHVHQWGD\3\UHQHHV6LEXHWHWDO+RZHYHUKLQWVIRUWKHH[LVWHQFHRIVXFKDVXEGXFWLRQ]RQH
FDQQHLWKHUEHREVHUYHGLQWKH¿HOG-DPPHVHWDOQRULQWKHPRVWUHFHQWWRPRJUDSKLFLPDJHV
6RXULDXHWDO7KXVZHGREHOLHYHWKDWRXUPRGHOLVD¿UVWVWHSWRHOXFLGDWLQJLQFRQVLVWHQFLHV
LQWKHSUHYLRXVSODWHNLQHPDWLFUHFRQVWUXFWLRQVZLWKLQWKHVRXWKHUQ1RUWK$WODQWLFDVZHOODVLQWKH
3\UHQHDQGRPDLQ.
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SYNTHÈSE ET PERSPECTIVES
/HVDQRPDOLHVPDJQpWLTXHVREVHUYpHVHQGRPDLQHVRFpDQLTXHVTXLRQWSHUPLVGHFRQ¿UPHUla théorie de la dérive des continents, ont été et restent encore un point clef de la 
FRPSUpKHQVLRQGHODWHFWRQLTXHGHVSODTXHV(OOHVVRQWDVVRFLpHVDX[LQYHUVLRQVGHSRODULWpGXFKDPS
PDJQpWLTXHHQUHJLVWUpHVSDUOHVURFKHVH[WUXVLYHVHWLQWUXVLYHVPLVHVHQSODFHORUVGHODIRUPDWLRQDX[
OLPLWHVGHSODTXHVGLYHUJHQWHVG¶XQHQRXYHOOHOLWKRVSKqUHRFpDQLTXH1pDQPRLQVFHVYLQJWGHUQLqUHV
années, de nombreuses campagnes océanographiques ont mis en évidence la présence de roches 
PDQWHOOLTXHVH[KXPpHVGHW\SHSpULGRWLWHVVHUSHQWLQLVpHVjO¶DSORPEGHVGRUVDOHVOHQWHVHWXOWUDOHQWHV
HWDX[WUDQVLWLRQVRFpDQFRQWLQHQWGHVPDUJHVSDVVLYHVDSSDXYULHVHQPDJPD&HVGpFRXYHUWHVRQW
démontré le rôle non négligeable de la tectonique, et plus particulièrement des failles de détachement 
pour accommoder la divergence des plaques. En raison de la nature des roches qui les composent et 
GHVSURFHVVXVFRPSOH[HVTXLVRQWDVVRFLpVjOHXUIRUPDWLRQOHV]RQHVGHPDQWHDXH[KXPpSUpVHQWHQW
XQVLJQDOPDJQpWLTXHGRQWO¶RULJLQHUHVWHLQFHUWDLQHHWFRQWURYHUVpH/HEXWGHFHWUDYDLOpWDLWGRQF
G¶pWXGLHUOHVLJQDOPDJQpWLTXHDVVRFLpjO¶H[KXPDWLRQGHURFKHVPDQWHOOLTXHVDXGURLWG¶XQHGRUVDOH
RFpDQLTXHHWG¶XQHWUDQVLWLRQRFpDQFRQWLQHQW&HFLGDQVOHEXWG¶HQGpGXLUHVLO¶H[KXPDWLRQGH
URFKHVPDQWHOOLTXHVDX[GRUVDOHVRFpDQLTXHVHVWFRPSDWLEOHDYHF O¶HQUHJLVWUHPHQWG¶LQYHUVLRQVGH
SRODULWpGXFKDPSPDJQpWLTXHWHUUHVWUHTXHOVSURFHVVXVVRQWDVVRFLpVDX[DQRPDOLHVPDJQpWLTXHV
REVHUYpHVjO¶DSORPEGHV]RQHVGHWUDQVLWLRQVRFpDQFRQWLHQWHWTXHOOHVVRQWOHVFRQVpTXHQFHVGH
ces processus sur les mécanismes de l’océanisation.
1. LES MESURES « DEEP-TOW » TROIS COMPOSANTES DU CHAMP MAGNÉTIQUE TER-
RESTRE: MÉTHODOLOGIE
/HVGRQQpHVPDJQpWLTXHVGpMjSXEOLpHVHWDFTXLVHVjO¶DSORPEGH]RQHVGHPDQWHDXH[KXPp
GHVGRUVDOHVXOWUDOHQWHV6DXWHUHWDOHWGHVPDUJHVDSSDXYULHVHQPDJPD0LOHVHWDO
6ULYDVWDYDHWDO5XVVHOODQG:KLWPDUVK6LEXHWHWDOUpYqOHQWXQVLJQDOFRPSOH[H
GH IDLEOH DPSOLWXGH HW GH IDLEOH FRQWLQXLWp VSDWLDOH ,O pWDLW GRQF SULPRUGLDO SRXU O¶pWXGH GH FHV
]RQHVGHWUDYDLOOHUDYHFGHVGRQQpHVGHTXDOLWpHWGHUpVROXWLRQPD[LPDOH'DQVFHEXWQRXVDYRQV
tout d’abord cherché à développer des méthodes de traitement et d’interprétation des anomalies 
PDJQpWLTXHV DFTXLVHV j O¶DLGHGHPDJQpWRPqWUHV WURLV FRPSRVDQWHV WUDFWpVSURFKHGX IRQG1RXV
avons testé une méthode de calibration utilisée pour la magnétométrie satellitaire et nous l’avons 
DGDSWpHDX[PHVXUHVPDJQpWLTXHVGHIRQGGHPHU1RXVDYRQVPRQWUpTXHFRQWUDLUHPHQWDX[PpWKRGHV
communément utilisées en géophysique marine, l’interférence magnétique du véhicule tracté pouvait 
rWUH HI¿FDFHPHQW FRUULJpH VDQV FRQQDLVVDQFHSUpDODEOHGH O¶RULHQWDWLRQ VSDWLDOHGXPDJQpWRPqWUH
'HIDoRQjV¶DIIUDQFKLUGHVHIIHWVOLpVDX[YDULDWLRQVG¶DOWLWXGHGXPDJQpWRPqWUHGXUDQWO¶DFTXLVLWLRQ
QRXV DYRQV pJDOHPHQWGpYHORSSpXQHPpWKRGHG¶LQYHUVLRQGHVSUR¿OVPDJQpWLTXHVEDVpH VXUXQH
FRXFKHpTXLYDOHQWH1RXVPRQWURQVTX¶LOHVWSRVVLEOHHQGUDSDQWFHWWHFRXFKHVXUODEDWK\PpWULHHW
par l’intermédiaire d’une unique inversion linéaire, d’estimer l’aimantation crustale et de recalculer 
le champ d’anomalie et ses composantes en n’importe quel point en dehors des sources. 
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2. APPLICATION À L’EXPLORATION MAGNÉTIQUE MARINE
/HVPDJQpWRPqWUHVVFDODLUHVFRPPXQpPHQWXWLOLVpVHQJpRSK\VLTXHPDULQHQpFHVVLWHQWG¶rWUH
tractés à plusieurs centaines de mètres derrière le navire pour s’affranchir de l’interférence magnétique 
GHODVWUXFWXUHPpWDOOLTXHGHFHOXLFL,OHVWGRQFVRXYHQWGLI¿FLOHYRLULPSRVVLEOHGHFRPELQHUFHW
instrument à d’autres types de collecte de données géophysiques (e.g. sismiques) ou géologiques 
(imagerie, dragage) car les vitesses d’acquisition sont différentes et il y a un risque de perte des 
LQVWUXPHQWVGHPHVXUH/DPpWKRGHGHFDOLEUDWLRQSUpVHQWpHGDQVFHWUDYDLOSRXUUDLWGRQFégalement 
être testée sur XQPDJQpWRPqWUHWURLVFRPSRVDQWHV¿[pGHIDoRQSHUPDQHQWHDXSRQWVXSpULHXUGX
navire. Une bonne correction de l’effet du navire (impossible dans le cas d’un magnétomètre scalaire) 
pourrait ensuite permettre de s’affranchir de la mise à l’eau du magnétomètre scalaire et faciliter la 
FDUWRJUDSKLHPDJQpWLTXHPDULQHGHIDoRQjpWD\HUjPRLQGUHFRWOHVMHX[GHGRQQpHVH[LVWDQWV
3. LE SIGNAL MAGNÉTIQUE ASSOCIÉ AUX DOMAINES DE MANTEAU EXHUMÉ DE LA 
DORSALE SUD-OUEST INDIENNE
1RXVDYRQVHQVXLWHXWLOLVpFHVPpWKRGHVSRXUO¶pWXGHHWO¶LQWHUSUpWDWLRQGHVGRQQpHVPDJQpWLTXHV
« GHHSWRZ » acquises lors de la campagne « 6PRRWKVHDÀRRU » (Octobre 2010), dans la partie Est 
GHODGRUVDOH6XG2XHVW,QGLHQQH1RXVDYRQVPLVHQSDUDOOqOHOHVGRQQpHVGHGUDJDJHVOHVLPDJHV
VRQDUKDXWHUpVROXWLRQGXSODQFKHURFpDQLTXHHWOHVGRQQpHVPDJQpWLTXHVDFTXLVHVSURFKHGXIRQG
1RXVPRQWURQVTXHOHSODQFKHURFpDQLTXHGHW\SHYROFDQLTXHDVVRFLpjXQHpSDLVVHXUUHODWLYHPHQW
importante de croûWH 5HVLGXDO0DQWOH %RXJXHU$QRPDOLHV  20 mGal), permettait de préserver 
convenablement les inversions du champ magnétique terrestre. A l’inverse, nous montrons que les 
DQRPDOLHVPDJQpWLTXHVDVVRFLpHVDX[FKDQJHPHQWVGHSRODULWpQHVRQWSOXVFODLUHPHQWLGHQWL¿DEOHV
jO¶DSORPEGHV]RQHVGHPDQWHDXH[KXPp1RXVPRQWURQVpJDOHPHQWYLDXQHPRGpOLVDWLRQGLUHFWH
des anomalies magnétiques que ni une aimantation induite ni un modèle d’accrétion océanique ne 
SHUPHWWHQW G¶H[SOLTXHU OH VLJQDOPDJQpWLTXH REVHUYp j O¶DSORPEGH FHV ]RQHV'H SOXV j WUDYHUV
l’étude des propriétés magnétiques des échantillons dragués, nous montrons que les péridotites 
serpentinisées sont des sources magnétiques instables. A l’inverse des basaltes, elles peuvent 
présenter une forte susceptibilité magnétique et leur aimantation rémanente n’est pas nécessairement 
GRPLQDQWH)LQDOHPHQW O¶DEVHQFHG¶DQRPDOLH D[LDOH j O¶DSORPEGHV]RQHVGHPDQWHDXH[KXPpHW
l’hétérogénéité du signal magnétique sur une échelle de quelques kilomètres nous permet de conclure 
TXHOHVSpULGRWLWHVVHUSHQWLQLVpHVQHSRUWHQWSDVXQHDLPDQWDWLRQUpPDQHQWHVXI¿VDPPHQWVWDEOHSRXU
être associées à la formation de linéations magnétiques marines. De fait, ces résultats suggèrent que 
ODSUpVHQFHGHURFKHVH[WUXVLYHVHWRXLQWUXVLYHVDVVRFLpHjXQPLQLPXPG¶DFWLYLWpWHFWRQLTXHHVW
requise pour préserver les inversions de polarité à l’aplomb des dorsales océaniques.
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4. LE SIGNAL MAGNÉTIQUE ASSOCIÉ À LA TRANSITION CONTINENT OCÉAN DES 
MARGES IBÉRIE/TERRE-NEUVE : UNE ANOMALIE LIÉE À UNE RUPTURE CONTINEN-
TALE MAGMATIQUE ?
Dans une dernière partie, nous nous sommes intéressés au signal magnétique au niveau de la 
WUDQVLWLRQRFpDQFRQWLQHQWGHVPDUJHV ,EpULH7HUUH1HXYH&HVGHX[ UpJLRQVSUpVHQWHQW pJDOHPHQW
GHV]RQHVGHPDQWHDXH[KXPpV¶pWHQGDQWVXUXQHFHQWDLQHGHNLORPqWUHV7RXWHIRLVFRQWUDLUHPHQW
jFHTXHO¶RQREVHUYHVXUODGRUVDOH6XG2XHVW,QGLHQQHOHVIRUDJHVPRQWUHQWTX¶XQHODUJHSRUWLRQ
GHFHV]RQHVGHWUDQVLWLRQVXELWXQPDJPDWLVPHGHW\SHDOFDOLQFRPSOH[HHWSRO\SKDVpDORUVTXHOH
PDJPDWLVPHGHW\SH025%0LG2FHDQLF5LGJH%DVDOWFDUDFWpULVWLTXHGHVGRUVDOHVRFpDQLTXHV
Q¶DSSDUDvWTXHGDQVODSDUWLHODSOXVGLVWDOHGHVGHX[PDUJHV7RXWHVFHVURFKHVPDJPDWLTXHVSHXYHQW
SUpVHQWHUXQHDLPDQWDWLRQVLJQL¿FDWLYHHWVRQWGRQFGHVVRXUFHVSRWHQWLHOOHVG¶DQRPDOLHVPDJQpWLTXHV
De plus, l’échantillonnage par forage montre qu’elles correspondent à des événements géologiques 
distincts dont certains sont indépendants d’un processus d’accrétion océanique. Tous ces éléments 
amènent à questionner l’origine des anomalies magnétiques dans cette région du globe. Dans ce 
travail nous avons mis en parallèle les données de forages et de sismique avec les données d’anomalies 
PDJQpWLTXHV1RXVDYRQVPRQWUpTXH O¶DQRPDOLH -SUpFpGHPPHQW LQWHUSUpWpHFRPPH OD¿QGH OD
séquence « M » d’inversions de polarité du Crétacé inférieur était associée à un haut topographique 
HWXQpSDLVVLVVHPHQWFUXVWDO(QV¶DSSX\DQWHQVXLWHVXUOHVGRQQpHVGHIRUDJHV2'3VLWHQRXV
SURSRVRQVTX¶XQpYqQHPHQWPDJPDWLTXHjODWUDQVLWLRQ$SWLHQ$OELHQa0DSHQGDQWODSpULRGH
PDJQpWLTXHFDOPHGX&UpWDFpj0DHVWjO¶RULJLQHGHODFUpDWLRQGHFHWWHVWUXFWXUH/RUVGH
cet évèQHPHQWODSDUWLHGLVWDOHGHODWUDQVLWLRQHVWDIIHFWpHSDUGHVVRXVSODTXDJHVGHJDEEURV1RXV
SURSRVRQVTXHFHVFRUSVVRXVSODTXpVVHSODFHQWVRXVOHIURQWGHVHUSHQWLQLVDWLRQHWSURGXLVHQWOHV
premiers dikes qui vont traverser le manteau serpentinisé pour s’épancher en surface sous forme de 
ODYHV)LQDOHPHQWJUkFHjXQPRGqOHGLUHFWQRXVPRQWURQVTX¶LOHVWSRVVLEOHG¶H[SOLTXHUO¶DQRPDOLH
J sans recourir à des inversions de polarité du champ magnétique mais simplement par un contraste 
G¶DLPDQWDWLRQOLpjODVLJQDWXUHPDJQpWLTXHGHFHVURFKHVLQWUXVLYHVHWH[WUXVLYHVSODFpHVGDQVODSDUWLH
GLVWDOHGHODPDUJH1RXVSURSRVRQV¿QDOHPHQWTXHFHWpYqQHPHQWPDJPDWLTXHHVWOHGpFOHQFKHXU
GHODPLVHHQSODFHGHODSUHPLqUHFURWHRFpDQLTXHHWGRQFGXSDVVDJHG¶XQUpJLPHG¶H[KXPDWLRQ
YHUVXQUpJLPHG¶DFFUpWLRQIRFDOLVpjODGRUVDOHRFpDQLTXH/¶DQRPDOLH-Q¶HVWGRQFSOXVLQWHUSUpWpH
comme une isochrone mais comme une anomalie liée à un évènement magmatique responsable de la 
UXSWXUHFRQWLQHQWDOH/DGDWDWLRQGHFHWpYqQHPHQWQRXVSHUPHW¿QDOHPHQWGHUDMHXQLUO¶RXYHUWXUHGH
l’Atlantique 1RUGGH0DSDUUDSSRUWjFHTXHVXJJpUDLHQWOHVPRGqOHVSUpFpGHQWVFHTXLSRXUUDLW
H[SOLTXHUFHUWDLQHVLQFRKpUHQFHVGDQVOHVSUpFpGHQWHVUHFRQVWUXFWLRQVFLQpPDWLTXHVDVVRFLpHVjFHWWH
région du globe.
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5. IMPLICATIONS SUR L’INTERPRÉTATION DES ANOMALIES MAGNÉTIQUES
Ce travail illustre donc les limites de l’interprétation des anomalies magnétiques en domaine 
RFpDQLTXH /H VXFFqV GX PRGqOH FODVVLTXH G¶DFFUpWLRQ RFpDQLTXH HW GHV DQRPDOLHV PDJQpWLTXHV
associées repose essentiellement sur sa validité et son applicabilité à l’échelle du plus grand système 
YROFDQLTXHSUpVHQWVXU7HUUHTXHVRQWOHVGRUVDOHVRFpDQLTXHV1pDQPRLQVO¶pFDUWHPHQWGHVSODTXHV
se fait, pour environ 35% de ces dorsales à des vitesses inféULHXUHVjFPD'LFNHWDO1RXV
PRQWURQVTXHGHODPrPHIDoRQTXHOHPRGqOHFODVVLTXHG¶DFFUpWLRQRFpDQLTXHVHFRPSOH[L¿HSRXU
GHVYLWHVVHVGHGLYHUJHQFH OHQWHV HW XOWUDOHQWHV OD OLVLELOLWpGHV DQRPDOLHVPDJQpWLTXHV DVVRFLpHV
HQHVWDIIHFWpH/HVGRUVDOHVjWDX[OHQWVHWXOWUDOHQWVVXELVVHQWGHVGp¿FLWVORFDX[GHPDJPDWLVPH
FDUDFWpULVpVSDUGHODUJHVSRUWLRQVDPDJPDWLTXHVHJSDUWLH(VWGHODGRUVDOH6XG2XHVW,QGLHQQH
DXGHOjGH(RXSDUODIRFDOLVDWLRQGXPDJPDWLVPHHJGRUVDOH6XG2XHVW,QGLHQQHYHUV( ; 
6DXWHUHWDO'DQVOHVGHX[FDV LOHQUpVXOWHXQHFRXFKHGHURFKHVH[WUXVLYHVHW LQWUXVLYHV
G¶pSDLVVHXUIDLEOHYRLULQH[LVWDQWHGDQVFHUWDLQHV]RQHVHJOHVGLVFRQWLQXLWpVD[LDOHVSDUUDSSRUWDX[
GRUVDOHVjWDX[G¶DFFUpWLRQSOXVUDSLGHV/¶DEVHQFHG¶DQRPDOLHVPDJQpWLTXHVG¶DFFUpWLRQRFpDQLTXH
DVVRFLpHV j O¶H[KXPDWLRQ GH URFKHV PDQWHOOLTXHV TXH QRXV LOOXVWURQV GDQV FH WUDYDLO VH UHWURXYH
pJDOHPHQWHQH[WUpPLWpGHVHJPHQWYHUV(GHODGRUVDOH6XG2XHVW,QGLHQQH)LJXUH6DXWHU
et al., 2004'DQVFHWWHUpJLRQO¶pSDLVVHXUGHFURWHGpGXLWHGHOD50%$VHFRUUqOHUHODWLYHPHQW
ELHQDYHFOHVYDOHXUVG¶DLPDQWDWLRQ/¶DFWLYLWpPDJPDWLTXHHVWPD[LPDOHDXFHQWUHGHVHJPHQWHOOH
est caractérisée par une forte épaisseur de croûte, une forte aimantation et des linéations magnétiques 
ELHQPDUTXpHV$ O¶LQYHUVH OHV H[WUpPLWpV GH VHJPHQWV SUpVHQWHQW XQH IDLEOH pSDLVVHXU GH FURWH
DVVRFLpHjXQHDLPDQWDWLRQGHIDLEOHDPSOLWXGHHWGHIDLEOHFRQWLQXLWpVSDWLDOH)LJXUH
8QVLJQDOPDJQpWLTXHDXVVLKpWpURJqQHHVWREVHUYpGDQVODSDUWLHFHQWUDOHGHODGRUVDOHPpGLR
DWODQWLTXH1FPD0DOORZV&HVLJQDOHVWDVVRFLpjXQPRGHG¶DFFUpWLRQFRPSOH[H
FRPELQDQWIDLOOHVGHGpWDFKHPHQWHWYROFDQLVPH)LJXUH$FHWHQGURLWO¶KpWpURJpQpLWpOLWKRORJLTXH
crustale se traduit par une hétérogénéité du signal magnétique. De fait, l’hypothèse d’une accrétion 
FUXVWDOHGHX[GLPHQVLRQVSURSRVpHGDQVOHPRGqOHFODVVLTXHG¶DFFUpWLRQRFpDQLTXHQHVHPEOHSOXV
YpUL¿pH
&RPPHOHVGRQQpHVTXHQRXVSUpVHQWRQVGDQVFHWUDYDLOFHVGHX[H[HPSOHVVXJJqUHQWTX¶XQH
DFFUpWLRQFUXVWDOHFDUDFWpULVpHSDUODPLVHHQSODFHGHURFKHVLQWUXVLYHVHWH[WUXVLYHVHWDVVRFLpHjXQ
une activité tectonique limitée est requise pour préserver l’enregistrement de la polarité du champ 
magnétique à travers la croûte océanique.
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Figure 1 :Carte d’aimantation déduite de données magnétiques acquises au niveau de la mer à l’aplomb des segments 
HWGHODGRUVDOH6XG2XHVW,QGLHQQH¶(j¶(/HVSUR¿OVUHSUpVHQWHQWODYDULDWLRQG¶DLPDQWDWLRQURXJH
HQIRQFWLRQGHODEDWK\PpWULHHWGHO¶pSDLVVHXUUHODWLYHGHODFURWHGpGXLWHGHOD50%$OHORQJGHO¶D[HG¶DFFUpWLRQ
'¶DSUqV6DXWHUHWDO
Figure 2 :Aimantation de la croûte océanique déduite d’une inversion 2D et 3D de données acquises proche du fond, 
jODGRUVDOHPpGLRDWODQWLTXH1/DOLJQHEODQFKHUHSUpVHQWHO¶D[HGHODGRUVDOHPpGLRDWODQWLTXHOHVOLJQHVURXJHV
UHSUpVHQWHQWOHVSRLQWpVGHO¶DQRPDOLHHWOHVOLJQHVYHUWHVGpOLPLWHQWOHVVXUIDFHVGHGpWDFKHPHQW/¶pFKHOOHG¶LQYHUVLRQ
GHSRODULWpHVWDVVRFLpHjXQWDX[G¶RXYHUWXUHV\PpWULTXHGHFPD'¶DSUqV0DOORZVDQG6HDUOH
102
 Dans le cas des marges appauvries en magma, nous avons vu que l’interprétation du signal 
PDJQpWLTXH j O¶DSORPEGHV ]RQHV GHPDQWHDX H[KXPp HVW G¶DXWDQW SOXV FRPSOH[HTX¶LO SHXW rWUH
DVVRFLpjGHVpYpQHPHQWVPDJPDWLTXHVSRO\SKDVpV1RXVSURSRVRQVXQHH[SOLFDWLRQDOWHUQDWLYHjOD
SUpVHQFHG¶DQRPDOLHVPDJQpWLTXHVHQFHVHQGURLWVGXJOREH1RWUHPRGqOHVXJJqUHTX¶XQpYènement 
magmatique soit à l’origine de la rupture continentale et qu’une signature magnétique observée à 
O¶H[WUpPLWp GH OD72& OXL HVW DVVRFLpH2U OHV DQRPDOLHVPDJQpWLTXHV DVVRFLpHV DX[ QRPEUHXVHV
WUDQVLWLRQVRFpDQFRQWLQHQW IRUPpHVGHURFKHVPDQWHOOLTXHVH[KXPpHVRQWVRXYHQWpWp LQWHUSUpWpHV
FRPPHGHVLVRFKURQHVHWXWLOLVpHVSRXUFRQWUDLQGUHOHVUHFRQVWUXFWLRQFLQpPDWLTXHV,ODSDUH[HPSOH
été proposé d’étendre l’interprétation des anomalies magnétiques jusqu’à l’anomalie M41n à l’aplomb 
GHOD]RQHGHWUDQVLWLRQGHODPDUJHFHQWUDOHGX0R]DPELTXH/HLQZHEHUHWDO'HODPrPH
IDoRQO¶RULJLQHGHVDQRPDOLHVPDJQpWLTXHVDQWpULHXUHVjO¶DQRPDOLHHWLGHQWL¿pHVjO¶DSORPEGHV
GRPDLQHVGH WUDQVLWLRQGHVPDUJHV FRQMXJXpHV6XG DXVWUDOLHQQH HW DQWDUFWLTXH UHVWH FRQWURYHUVpH
&HUWDLQVDWWULEXHQWFHVDQRPDOLHVjGHVLQYHUVLRQVGHSRODULWpHWOHVXWLOLVHQWjGHV¿QVGHUHFRQVWUXFWLRQ
FLQpPDWLTXHV :KLWWDNHU HW DO   DORUV TXH G¶DXWUHV H[FOXHQW OD SUpVHQFH G¶XQH FURWH
océanique et soutiennent que ces anomalies ne sont pas des isochrones (Tikku and Cande, 1999; 
7LNNXDQG'LUHHQ&HVDQRPDOLHVVRQWXQFDVSDUWLFXOLqUHPHQWLQWpUHVVDQWFDUFHUWDLQVWUDYDX[
HQFRXUVQRXVPRQWUHQWSDUH[HPSOHTXHO¶DQRPDOLHVHPEOHrWUHLGHQWL¿pHjO¶DSORPEGHFRUSV
PDJPDWLTXHVDVVRFLpVjO¶H[KXPDWLRQGHURFKHVPDQWHOOLTXHVDORUVTXHO¶DQRPDOLHVHVLWXHGDQVOD
SDUWLHODSOXVGLVWDOHGHODPDUJHGDQVFHTXLVHPEOHrWUHXQH]RQHWUDQVLWLRQQHOOHHQWUHOHGRPDLQHGH
PDQWHDXH[KXPpHWOHGRPDLQHRFpDQLTXH)LJXUH*LOODUGHWDO&RPPHSRXUOHVPDUJHV
,EpULH7HUUH1HXYHFHVDQRPDOLHVSRXUUDLHQWGRQFrWUHDVVRFLpHVjGHVSURFHVVXVPDJPDWLTXHVHW
WHFWRQLTXHVFRPSOH[HVHWSRO\SKDVpV
$XGHOjGHODSUREOpPDWLTXHGHV]RQHVGHPDQWHDXH[KXPpRQUHWURXYHpJDOHPHQWGHVOLQpDWLRQV
PDJQpWLTXHVGLI¿FLOHVjDVVRFLHUjGHVLQYHUVLRQVGHSRODULWpHWGRQWO¶RULJLQHUHVWHjFRQ¿UPHU3DU
H[HPSOH GDQV FHUWDLQV EDVVLQV GH O¶$WODQWLTXH 6XG GHV DQRPDOLHV PDJQpWLTXHV VRQW REVHUYpHV
SHQGDQWODSpULRGHFDOPHGX&UpWDFpHJ%DVVLQGH6DQWRV ;6WDQWRQHWDO'HODPrPHIDoRQ
GHVOLQpDWLRQVPDJQpWLTXHVVRQWREVHUYpHVVXUOHULIWG¶$IDUDYDQWO¶RXYHUWXUHRFpDQLTXH%ULGJHVHW
al., 2012).
On retrouve également la même problématique dans le cas de marges plus « magmatiques ». 
'DQVO¶$WODQWLTXH6XGODSUHPLqUHOLQpDWLRQPDJQpWLTXHGLWH©/0$ª/DUJH0DUJLQDO$QRPDO\HVW
LGHQWL¿pHGDQVOHVSDUWLHVGLVWDOHVGHVPDUJHVFRQMXJXpHVDVVRFLpHVDXVHJPHQWDXVWUDOGHODGRUVDOH
PpGLRDWODQWLTXH &RQWUDLUHPHQW j XQH LVRFKURQH FHWWH DQRPDOLH SUpVHQWH XQH IRUWH DPSOLWXGH HW
XQH ORQJXHXU G¶RQGH WUqV YDULDEOH 0RXOLQ HW DO  )LJXUH &HUWDLQV DXWHXUV O¶RQW G¶DERUG
LQWHUSUpWpH FRPPH XQ HIIHW GH ERUG HQWUH OH VRFOH RFpDQLTXH HW FRQWLQHQWDO 5DELQRZLW] 
3XLVG¶DXWUHVRQWSXO¶DVVRFLHUjODSUpVHQFHGH6'5V6HD'LSSLQJ5HÀHFWRUV)UDQNHHWDO
+LQ]HWDO3DUODVXLWHFHWWHDQRPDOLHDpWpXWLOLVpHjGHV¿QGHUHFRQVWUXFWLRQVFLQpPDWLTXHV
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GA199-01
Seismic lines provided by Geoscience Australia. Magnetic anomalies interpretations from Tikku and Cande, 1999. Magnetic anomaly pro"les from AGSO data. 
Gravity anomaly pro"les from Sandwell and Smith, 2009.
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(Moulin et al., 2010), reconstructions dont la validité reste débattue (Aslanian and Moulin, 2010; 
0RXOLQHWDO7RUVYLNHWDO7RUVYLNHWDO$LQVLFRPPHSRXUOHVPDUJHV,EpULH
7HUUH1HXYHRQSHXWSDVH[FOXUHTXHFHWWHDQRPDOLHVRLWODVLJQDWXUHG¶XQpYènement magmatique 
UHVSRQVDEOHGHO¶RXYHUWXUHGHO¶$WODQWLTXH6XG)UDQNH
1RWUHWUDYDLODGRQFGHVLPSOLFDWLRQVjODIRLVVXUOHVUHFRQVWUXFWLRQVFLQpPDWLTXHV¿QHVDX[
GRUVDOHV OHQWHVHWXOWUDOHQWHVHW VXU O¶LQWHUSUpWDWLRQGHV OLQpDWLRQVPDJQpWLTXHVREVHUYpHVGDQV OHV
]RQHVGHULIWLQJ6¶LOVXJJqUHG¶DERUGHUDYHFSUXGHQFH O¶LQWHUSUpWDWLRQGHVDQRPDOLHVPDJQpWLTXHV
DVVRFLpHVDX[PDUJHVSDVVLYHVLOSRXUUDLWpJDOHPHQWSHUPHWWUHGHPLHX[FRPSUHQGUHOHPpFDQLVPH
GHUXSWXUHFRQWLQHQWDOHWDQWGXSRLQWGHYXHGHVRQWLPLQJTXHGHVSURFHVVXVTXLOXLVRQWDVVRFLpV,O
Q¶H[LVWHSDVDFWXHOOHPHQWGHGRQQpHVSHUPHWWDQWGHFRQ¿UPHURXG¶LQ¿UPHUFODLUHPHQWODSUpVHQFHGH
VRXVSODTXDJHVGHJDEEURVVRXVODFURWHGHVHUSHQWLQHIRUPDQWOHVSDUWLHVGLVWDOHVGHVPDUJHV,EpULH
7HUUH1HXYH/¶LGpHG¶XQHDQRPDOLHPDJQpWLTXHUpVXOWDQWHG¶XQSURFHVVXVPDJPDWLTXHSUpFXUVHXUGH
l’océanisation doit donc être testée à d’autres endroits du globe. 
Figure 4 :/DUJH0DUJLQDO$QRPDO\/0$REVHUYéeDXODUJHGHO¶$IULTXHGX6XG&RQWUDLUHPHQWDX[DXWUHVLVRFKURQHV
observées dans cette région, cette anomalie est de forte amplitude et de longueur d’onde variable. D’après Moulin et al. 
(2010)
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SYNTHÈSE ET PERSPECTIVES
A l’heure actuelle, la problématique liée à l’interprétation des anomalies magnétiques de 
© ERUGXUH ª GH PDUJH HVW SULQFLSDOHPHQW PLVH HQ OXPLqUH SDU FHUWDLQHV LQFRKpUHQFHV OLpHV DX[
reconstructions cinématiques. En effet, la première linéation observée dans la partie distale des marges 
est souvent associées au début de l’accrétion océanique et utilisée pour contraindre les reconstructions 
FLQpPDWLTXHV 3HX GH WUDYDX[ WHQWHQW G¶DVVRFLHU OH VLJQDOPDJQpWLTXH j OD QDWXUH GHV URFKHV TXL
IRUPHQWODFURWHVRXVMDFHQWHIDXWHG¶DUJXPHQWVJpRORJLTXHV,OV¶DYqUHGRQFLQWpUHVVDQWGHPHWWUH
en parallèle les interprétations géologiqueV GHV GRQQpHV GH VLVPLTXH DYHF OHV SUR¿OV G¶DQRPDOLHV
PDJQpWLTXHVGLVSRQLEOHV3DUH[HPSOH%ODLFKHWDOPHWWHQWDLQVLFODLUHPHQWHQpYLGHQFHOD
FRUUHVSRQGDQFHHQWUHOD/0$HWODSUpVHQFHGH6'5
1RXVSURSRVRQVODGpPDUFKHVXLYDQWHSRXUO¶pWXGHGHVDQRPDOLHVPDJQpWLTXHVGHERUGXUHGH
PDUJHGRQWO¶RULJLQHHVWFRQWURYHUVpH
(1) 6électionnHUOHVGRQQpHVGHVLVPLTXHGLVSRQLEOHVHWOHVSUR¿OVHWFDUWHG¶DQRPDOLHPDJQpWLTXH
associés.
(2) 7HVWHUODSUpVHQFHGHVWUXFWXUHVSRWHQWLHOOHPHQWSRUWHXVHVG¶XQHDLPDQWDWLRQVLJQL¿FDWLYHWHOOHV
TXHOHV©6'5V » ou le « outer high »VLVPLTXHUpÀH[LRQRXHQFRUHXQépaississement crustal 
(sismique réfraction). 
(3) 9pUL¿HUVLFHVVWUXFWXUHVVRQWDVVRFLpHVjXQHRXSOXVLHXUVDQRPDOLHVPDJQpWLTXHV
(4) Tester la contribution de ces structures à l’aide d’un modèle direct ou d’autre méthodes 
magnétiques (inversions, signal analytique etc.).
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Les anomalies magnétiques 
dans les domaines de manteau 
exhumé 
 
Résumé 
L’objectif de cette thèse est de comprendre (1) si l’exhumation des roches mantelliques aux dorsales 
océaniques est compatible avec l’enregistrement des inversions de polarité du champ magnétique 
terrestre, (2) quels sont les processus associés aux anomalies magnétiques observées à l’aplomb 
des transitions océan-continent et (3) quelles sont les conséquences de ces processus sur les 
mécanismes de l’océanisation. Afin de travailler avec des données de résolution maximum, une 
méthode de calibration et d’interprétation des données magnétiques acquises proches du fond est 
développée dans le premier chapitre. Dans le deuxième chapitre, cette méthode est appliquée aux 
données magnétiques acquises à l’aplomb des domaines de manteau exhumé de la dorsale Sud-
Ouest Indienne (SWIR). Il est ensuite montré que l’exhumation des roches mantelliques est associée 
à un signal magnétique de faible amplitude et de faible continuité spatiale rendant impossible 
l’identification des anomalies magnétiques d’accrétion océanique. De fait, il est proposé que 
contrairement aux basaltes, les roches mantelliques exhumées de la SWIR ne portent pas une 
aimantation rémanente suffisamment stable pour fossiliser la direction du champ magnétique 
terrestre. Dans le dernier chapitre, il est démontré que l’anomalie  « J »,   antérieurement interprétée 
comme la première isochrone associée à la partie distale des marges Ibérie/Terre-Neuve, est en fait 
identifiée à l’aplomb d’une structure crustale particulière caractérisée par un haut topographique et 
un épaississement crustal. Par conséquent, il est proposé qu’un évènement magmatique majeur est 
à l’origine de la création de cette structure crustale et que cet événement est le déclencheur de la 
mise en place de la première dorsale océanique. 
Mots clés : anomalie magnétique, péridotite serpentinisée, dorsale océanique, marge passive 
 
Abstract 
The aim of this work is to constrain (1) whether exhumation of mantle rocks at mid oceanic ridges is 
compatible with the record of polarity reversals of the Earth magnetic field, (2) what is the origin and 
the processes responsible for the magnetic anomalies observed at magma-poor rifted margins and 
(3) what are the consequences of these processes on continental breakup. In a first part, in order to 
work with high-resolution data, we develop a method for calibration and interpretation of deep-tow 
three component magnetic data. In a second part, we apply these methods to the data acquired 
above the large exhumed mantle domains of the ultraslow-spreading Southwest Indian Ridge. We 
show that, in these areas, neither the magnetic properties of the dredge samples nor the deep-tow 
magnetic data are consistent with the seafloor-spreading magnetic pattern commonly observed at 
mid oceanic ridges. We further suggest that in contrast to mid oceanic ridges basalts the exhumed 
serpentinized mantle rocks do not carry a sufficiently stable remanant magnetization to produce 
marine magnetic anomalies. In the last part, we show that the “J” anomaly, previously interpreted as 
the first seafloor-spreading anomaly of the Iberia and Newfoundland passive margins, is associated 
with locally high topography and thickened crust. We propose that this peculiar crustal structure 
results from voluminous magma both erupted at the surface and added beneath the exhumed mantle 
domain. We therefore propose that the J anomaly did not form during seafloor spreading but instead 
represents a pulse of magmatism that have triggered continental breakup. 
Keywords: magnetic anomaly, serpentinized peridotite, mid-oceanic ridge, rifted margin  
